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CHAPTER 1. GENERAL INTRODUCTION 
the eating habits of countrymen in Southern Italy in this way: “... homemade minestrone, pasta 
of all varieties, with tomato sauce and a sprinkling of Parmesan, only occasionally enriched with 
a few pieces of meat or served with a small fish of the place beans and macaroni ..., so much 
bread, never removed from the oven more than a few hours before being eaten, and nothing with 
which spread it, lots of fresh vegetables sprinkled with olive oil, a small portion of meat or fish 
maybe a couple of times a week and always fresh fruit for dessert ”. This was the first 
“The Mediterranean Diet constitutes a set of skills, knowledge, practices and traditions ranging 
from the landscape to the table, including the crops, harvesting, fishing, conservation, 
processing, preparation and, particularly, consumption of food. The Mediterranean Diet is 
characterized by a nutritional model that has remained constant over time and space, consisting 
mainly of olive oil, cereals, fresh or dried fruit and vegetables, a moderate amount of fish, dairy 
and meat, and many condiments and spices, all accompanied by wine or infusions, always 
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The ‘a priori defined’ approach is based on predefined diet quality indices using current 
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but shares the limitations of “static” 
cannot incorporate actual particularities of individuals’ choices in relation to 
a-priori
have been recommended as ‘healthy’
a-priori a-
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Therefore, the aims of this thesis are the following: 
1) to re-organize the major food groups presently included in the Italian diet; 
2) to evaluate the adherence to the Mediterranean Diet in Italy and its major 
socioeconomic and demographic determinants; 
3) to address the health effects possibly associated with fish intake; 
4) to evaluate the association with mortality of largely consumed foods (chili pepper 
and eggs) and beverages (coffee) that are not included in the traditional Mediterranean 
Diet Score, in a large sample of the Italian population recruited in the Moli-sani Study 
cohort; 
5) to verify whether the inclusion of some of these foods/beverages into the 
Mediterranean Diet Score will improve its risk prediction. 
1. Assessment of food groups included in the Italian diet 
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Abstract Background and Aim: Dietary habits evolve over time, being influenced by many fac-
tors and complex interactions. This work aimed at evaluating the updated information on food
group consumption in Italy.
Methods and Results: A total of 8944 (4768 women and 4176 men) participants aged >18 years
from all over Italy recruited in 2010e13 (Italian Nutrition & HEalth Survey, INHES) was analyzed.
The recruitment was performed using computer-assisted-telephone-interviewing and one-day
24-h dietary recall retrieved from all participants. The updated, second version, of FoodEx2 food
classification system was applied to extract data on food group consumption. The participation
rate was 53%; 6.2% of the participants declared to follow a special diet, the most prevalent being
hypo-caloric diets (55.7% of special diets). Men compared to women presented significantly high-
er intakes of “grains and grain-based products”, “meat and meat products”, “animal and vege-
table fats and oils and primary derivatives” and “alcoholic beverages” (P for all < 0.001);
moreover, men had lower intakes of “milk and dairy products”, “water and water-based bever-
ages” and “products for non-standard diets, food imitates and food supplements” (P for
all< 0.001). Differences in food group intake among age groups, geographical regions and educa-
tional level groups were also identified (P for all< 0.05).
Conclusions: Data on the consumption of more than 70 food groups and sub-groups were illus-
trated in different strata. The present analysis could be considered as an updated source of infor-
mation for future nutrition research in Italy and in the EU.
ª 2017 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction
Dietary habits evolve over time, being influenced by many
factors and complex interactions. Income, prices, individ-
ual preferences and beliefs, cultural traditions, as well as
geographical, environmental, social and economic factors
all interact in a complex manner to shape dietary con-
sumption patterns. This indicates a specific need for the
study of dietary habits of the populations.
* Corresponding author. Laboratory of Molecular and Nutritional
Epidemioloy, Department of Epidemiology and Prevention, IRCCS
Istituto Neurologico Mediterraneo Neuromed, Via dell’Elettronica,
86077 Pozzilli (IS), Italy.
E-mail address: licia.iacoviello@neuromed.it (L. Iacoviello).
1 INHES Investigators are listed in the Appendix.
http://dx.doi.org/10.1016/j.numecd.2017.01.004
0939-4753/ª 2017 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition, and the Department of Clinical
Medicine and Surgery, Federico II University. Published by Elsevier B.V. All rights reserved.
Nutrition, Metabolism & Cardiovascular Diseases (2017) 27, 307e328
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The traditional Mediterranean diet (MeD), an eating
behavior model, with recognized health benefits in pri-
mary and secondary prevention of chronic diseases [1e4]
is less followed by southern European populations in the
last decades [5e7]. This occurs also in Italy and requires an
updated monitoring in public health strategies.
The last suitable Italianpublichealth surveillanceprogram
on nutrition has been held by the INRAN (National Institute
for Research on Foods and Nutrition) covering the years
2005e06 [8,9]. Since then, no further information has been
gathered at the national level for food intake all over Italy.
Furthermore, a serious challenge in modern nutritional
epidemiology is the harmonization of the methods used
for the extraction of dietary data across different pop-
ulations. This will allow a better understanding of differ-
ences among samples, also in association with health
outcomes and disease progression.
A major part in the harmonization of dietary assess-
ment methodologies consists in the use of a common food
classification system. Recent efforts have been carried out
by the European Food Safety Authority (EFSA) to establish
a largely appreciated food classification system, presented
with a newly updated version of FoodEx2 [10]. To our
knowledge, there is presently no large epidemiological
study that has published food group consumption data
elaborating such last version of FoodEx2.
Thus, this study aims at evaluating and presenting the
most recently updated piece of information on the dietary
habits of Italians, especially food group consumption,
using data derived from the Italian Nutrition & HEalth
Survey (INHES). The use of an updated, second version, of
FoodEx2 food classification system adds to the novelty and
originality of the present study.
Methods
Study population
The INHES study is a telephone-based survey on nutrition
and health specifically designed to collect information on
dietary habits (quality, quantity and patterns), food choice
determinants, and food health awareness of the Italian
population according to geographical distribution, age,
gender and socio-economic profile. Between November
2010 and November 2013, 9319 women and men aged 5
years from all over Italy were enrolled.
Firstly, subjects (n Z 9106) in the age range 35e79
years, recruited in the 2008e2012 wave of the Italian
Cardiovascular Epidemiologic Observatory (participation
rate 53%, from 40% to 85% in the different regions) [11,12]
were invited to participate in the INHES survey. Once they
accepted, participants were asked to invite one relative
older than 79 or younger than 35 years to join the survey.
Finally 5385 (59.1%) from the original population and 3754
from their relatives were included in the survey.
The sampled subjects were distributed in the four sea-
sons (excluding Christmas, Easter andmid-August periods).
The survey calendar was organized to capture an adequate
proportion of weekdays and weekend days at group level.
The recruitment was performed using computer-
assisted-telephone-interviewing (CATI): one-day 24-
h dietary recall [9], the Italian version of the European
Food Propensity Questionnaire [13], questionnaire of
nutrition related behavior, anamnestic questionnaire on
health status, risk factors and anthropometry and SF12
questionnaire on health perception [14] were administered.
For the purpose of the present study the adult (18e96
years) populationwith completed dietary informationmore
than 50% (20 participants eliminated) of 8944 (4768women
and4176men)wasanalyzed. The INHES studywasapproved
by the Ethical Committee of the Catholic University of Rome.
Dietary assessment
Each participant received by mail a short photographs atlas
and guidance notes to estimate portion sizes (with in-
structions to quantify the portions used by children) devel-
oped on the basis of EPIC-SOFT picture book [15] and a hard-
copy diary structured by meal, where all the information on
food consumption the day before the telephone interviews
was self-recorded. All foods anddrinks consumed (including
tap and bottled water), both at and outside home, were
recorded. The day after, participants were interviewed by
telephone by trained and standardized interviewers, start-
ing from the self-recorded diary, by using a computer based
24-h dietary recall interview (24-HDR) software.
For every eating occasion, subjects were asked to
carefully record and recall: time, place of consumption,
detailed description of foods (or beverages), quantity
consumed and brand (for manufactured foods). Portion
sizes were reported by subjects with the help of a picture
booklet. Moreover, it was asked if they were following a
particular diet and if the consumption they had reported
differed from their usual consumption.
The data management system INRAN-DIARIO 3.1
developed by INRAN [9,16] in previous surveys [9,17] was
used for data coding, data entry and data processing. This
software includes several checkpoints to ensure the ac-
curacy and completeness of the data recorded and allows
each interviewer to create new temporary food codes for
all the food items and recipes that are not present in the
databanks. Four databases were used to transform the data
reported by subjects into the weight of single foods. The
portions estimated by subjects with the help of the picture
booklet are linked to the specific weight of each food item.
Any missing food consumed during the survey was added
to the food composition database.
Food group classification by applying the FoodEx2 system
All participants food consumption of single food items or
recipeswas “translated”by thenutrition specialist during the
interviewinto food itemsorrecipes included inthe food listof
the datamanagement system INRAN-DIARIO 3.1. The current
food list includes information for almost 2000 single food
items and 1700 recipes typically consumed in Italy. All food
recipes consumption was automatically divided into food
items intake by the software itself. The final output-database
308 G. Pounis et al.
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included information for the daily consumption of the 2000
single food items thatwere included in the software food list.
The classification of single food items to food groups was
performed using the Exposure Hierarchy tree of the Euro-
pean Food Safety Authority’s (EFSA’s) FoodEx2 (version 2)
classification system [10,18], recently available (April 2015).
Two levels of food hierarchy were used and are described in
the present work as “food groups” and “sub-groups”.
Supplemental Table 1, illustrates the generated food
groups and sub-groups for INHES dietary data including a
description and the number of food items classified in each
occasion.
Out of the 133 “food” and “sub-group” of the first two
levels of hierarchy tree of FoodEx2 food classification sys-
tem the 74 were finally elaborated (19 food groups and 55
sub-groups). Within the remaining food groups and sub-
groups that are not reported in the present analysis, none
of the food items of INRAN-DIARIO 3.1 were categorized or
the consumption was almost zero. Also the food group
“Food products for young population” was not reported in
this work since we are referring to the adult population.
Qualitative food frequency consumption assessment
Beside the quantitative assessment and analysis of food
group intake through the 24-h dietary recall interview
(24-HDR), all participants also reported qualitative data on
food frequency consumption by the elaboration of a food
propensity questionnaire validated in previous studies
[13,19,20]. The frequency of consumption of cooked veg-
etables, raw vegetables, fruits, cheese, legumes, rice, pasta,
red meat, white meat, fish and milk was reported and
presented as follows: 0e3 times/month, 1e2 times/week,
3e4 times/week, 5e6 times/week, 1 time/day.
Other factors
Body weight and height were self-reported and BMI (kg/
m2) was calculated. Since no anthropometric measure-
ment was performed in INHES studies, these parameters
are under the related self-reporting bias.
Statistical analysis
Descriptive results on food group and sub-group con-
sumption were presented as mean, median, standard de-
viation, 95th and 99th percentiles in total population and
in consumers separately. The analyses were also stratified
by gender, age group (i.e. 18e65 years and >65 years),
geographical region (i.e. North, Central and South Italy)
and educational level group (i.e. elementary or secondary
school, high school and university or college degree).
Normality of continuous dietary data was tested using
the ShapiroeWilk’s test [21]. The results indicated that all
distributions were skewed (P from ShapiroeWilk’s test for
all< 0.001). This finding was also confirmed graphically.
Since the data distributions were skewed, non-parametric
tests were elaborated. In fact, differences in food group
consumption between gender and age groups were
assessed with ManneWhitney’s test and between
geographical region and educational level groups using
KruskaleWallis’s test. Bonferroni correction for multiple
comparisons (18 tests and significance level a Z 0.05)
yielded a corrected a Z 0.002, which indicated significant
differences at the aforementioned analysis.
Categorical variables were presented as frequencies and
their associations were tested using Pearson’s X2-test. The
assessment of differences between age groups for height,
weight, BMI and energy intake was performed using Stu-
dent’s t-test since data were normally distributed.
For all food groups separately, the percentage of con-
sumption during four meal occasions (i.e. breakfast, lunch,
dinner and snack) out of the total daily consumption of
each food group was calculated and presented in Figures.
Two-sided P-value< 0.05 was considered as statisti-
cally significant. STATA version 9 software was used for all
calculations (STATA Corp., College Station, TX, USA).
Results
Among survey days, 89.8% were weekdays (i.e. Monday to
Friday). The seasonal distribution of survey days was as
Table 1 Characteristics of INHES participants according to gender and age group.a









Educational level (%) <0.001 <0.001
 8 years 33.7 71.5 33.5 64.8
9e13 years 44.8 22.3 48.1 28.7
14 years 21.3 6.2 18.4 8.6
Physical activity level (%) <0.001 <0.001
Non-physically active 79.0 90.2 74.1 90.2
Physically active 21.0 9.8 25.9 9.8
Height (cm) 163 (6) 160 (6) <0.001 175 (7) 170 (7) <0.001
Weight (kg) 64.5 (12.3) 66.7 (12.0) <0.001 80.4 (13.4) 78.1 (11.6) <0.001
BMI (kg/m2) 24.4 (4.6) 26.0 (4.4) <0.001 26.3 (6.1) 26.9 (6.0) 0.001
Energy intake (kcal/day) 1834 (686) 1700 (539) <0.001 2129 (779) 1998 (628) <0.001
a Continuous data are presented as mean (standard deviation) and categorical as frequencies.
b P-value derived through comparisons between age groups using Student’s t-test for continuous variables and Pearson’s X2 t-test categorical.
Food group consumption in an Italian population 309
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Figure 1 a: The distribution of food group consumption among meals in women, expressed as percentages of total consumption for each food
group in the 4 meals considered (breakfast, lunch, dinner and snack). b: The distribution of food group consumption among meals in men, expressed
as percentages of total consumption for each food group in the 4 meals considered (breakfast, lunch, dinner and snack).
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follows: 30.7% in autumn, 23.5% in winter, 25.1% in spring
and 20.7% in summer.
The participants’ general characteristics according to
gender and age group are presented in Table 1. In both
genders the elderly population seemed to be less educated
and physically active with higher BMI compared to the
younger population (P for all< 0.05). Both women and
men aged 18e65 years reported higher total energy intake
than the elderly population (P for both< 0.001).
As many as 6.2% (n Z 555) of the INHES participants
declared that they were following a special diet. Hypo-
caloric diets used for the reduction of body weight rep-
resented 55.7% (n Z 309), while diets for the primary or
secondary prevention of diseases (i.e. diabetes, hyperten-
sion) were also followed.
In addition, 7.8% (n Z 702) of the participants reported
that their food consumption the day prior to the
interview-day was different from usual (i.e. higher or
lower) due to different reasons (i.e. special dinner with
guests, celebrations, reduced food intake due to clinical
tests etc.).
Regarding meal consumption, 97.6%, 99.1%, 99.0 and
30% of the INHES population reported having breakfast,
lunch, dinner and snack during the day, respectively. The
most frequent meal time occasion was 7:00e7:30am for
breakfast (39.5%), before 1:00pm for lunch (63.8%) and
8:00e8:30pm for dinner (51.9%), while snacking time
varied.
The distribution of food group consumption among
meals in women and men is illustrated in Fig. 1a and b,
respectively. In both genders “vegetable and vegetable
products”, “starchy roots or tubers and sugar plants”, “fish,
seafood, amphibians, reptiles and invertebrates” and
“seasoning, sauces and condiments” were only consumed
during lunch and dinner. In addition, “legumes, nuts, oil
seeds and spices”, “meat and meat products”, “animal and
vegetable fats and oils and primary derivatives”, “water
and water based beverages” and “alcoholic beverages”
were mainly consumed over lunch and dinner.
“Grains and grain-based products”, “fruit and fruit
products” and “fruit and vegetable juices and nectars”
were mostly consumed over lunch and dinner but some-
times also at breakfast or as snack choices.
On the contrary, “milk and dairy products”, “eggs and
egg products”, “sugar and similar, confectionery and water
based sweet dessert”, “coffee, cocoa and tea and in-
fusions”, “products for non-standard diets, food imitates
and food supplements and artificial sweeteners” were
mainly consumed over breakfast, less for lunch and dinner
and sometimes as snack choice.
Figure 2 a: The frequency of food group consumption using data from the food propensity questionnaire in the women population. b: The fre-
quency of food group consumption using data from the food propensity questionnaire in the men population.
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Detailed descriptive results on food group and sub-
group consumption stratified by gender and age group are
presented in Tables 2e7. In addition, similar descriptive
analyses stratified by gender, geographical origin and ed-
ucation level are included in Supplemental Tables 2e13.
The highest number of consumers was observed for
“grains and grain-based products”, “vegetable and vege-
table products” and “animal and vegetable fats and oils
and primary derivatives” in both genders.
Supplemental Table 14 presents the P-values derived
from the comparisons in food group intake between gen-
ders, age groups, geographical regions and education level
groups.
Men compared to women presented statistically signif-
icant higher intakes of “grains and grain-based products”,
“meat and meat products”, “animal and vegetable fats and
oils and primary derivatives” and “alcoholic beverages” (P
for all< 0.001 < 0.002 Z Bonferroni corrected p-value for
18 comparisons), (Tables 2 and 3 and Supplemental Table
14); men had also lower intakes of “milk and dairy prod-
ucts”, “water andwater-based beverages”, and “products for
non-standard diets, food imitates and food supplements”
(P for all< 0.001 < 0.002 Z Bonferroni corrected p-value
for 18 comparisons), (Tables 2 and 3 and Supplemental
Table 14).
The analysis of differences between age groups
(i.e. 18e65 years, >65 years) in both men and women
indicated significantly higher consumption of different
food groups in adults compared to the elderly (P for
all< 0.001 < 0.002 Z Bonferroni corrected p-value for 18
comparisons), (Tables 4e7, and Supplemental Table 14).
Furthermore, statistically significant geographical differ-
ences in food group consumption were observed in both
genders (Supplemental Tables 2e7 and 14). Interestingly,
both women and men from Southern Italy reported greater
consumptionof “grainsandgrain-basedproducts”and “meat
and meat products” (P for all< 0.001 < 0.002 Z Bonferroni
corrected p-value for 18 comparisons); while North sample
population had greater intake of “coffee, cocoa, tea and in-
fusions” (P for all< 0.001<0.002Z Bonferroni corrected p-
value for 18 comparisons).
In addition, food group consumption differed among
educational level groups (Supplemental Tables 8e13 and
14). Notably, participants (both women and men) from
the highest educational level group had higher intake of
“animal and vegetable fats and oils and primary de-
rivatives”, “fruit and vegetable juices and nectars”,
“coffee, cocoa, tea and infusions” and “products for non-
standard diets, food imitates and food supplements”
(P for all< 0.001 < 0.002 Z Bonferroni corrected p-value
for 18 comparisons).
Qualitative results on food frequency consumption
Figure 2a and b, illustrate the frequency of food group
consumption using data that were derived through the
food propensity questionnaire in women and men INHES
participants, correspondingly.
Raw vegetables, fruits, pasta and milk were among the
most frequently consumed food groups on a daily basis
(i.e. 1 time/day) in both genders. As many as 18.3% and
17.6% of women and men respectively reported to
consume raw vegetables 1 time/day while the same
percentage for fruits were 80.1% and 78.6% (P for sex dif-
ferences for both> 0.05).
Discussion
The INHES project
Despite the importance of monitoring dietary habits in
public health perspectives, according to the best of our
knowledge, there has been no study in the last decade
evaluating at an epidemiological level the dietary patterns
in Italy. Our findings illustrate a comprehensive descriptive
analysis of food group consumption using recent data
coming from all over Italy. Results by gender, age group,
geographical region and educational level group or type of
meal were generated to provide multi-dimensionality in
our approach. The elaboration of accurate dietary assess-
ment methodologies and the newly updated EFSA’s Foo-
dEx2 food classification system [10] add to the novelty of
the present work.
The last effort for an accurate evaluation of dietary
habits at a national level in Italy was performed in
2005e06, when INRAN retrieved data from 1329 house-
holds corresponding to 3323 women and men [9]. Food
group consumption data were collected at individual level
in 3 consecutive days using hard-copy diaries structured
by meal and the data management system INRAN-DIARIO
3.1. The researchers published in 2008 a descriptive anal-
ysis of food group intake, presenting results by gender and
age group after the elaboration of a self-developed food
classification system [9].
Other nationwide Italian food consumption surveys
have been carried out. The first approach was performed at
household level and was held by INRAN in the early 80’s
[22]. In the 90’s, the EPIC (European Prospective Investi-
gation into Cancer and Nutrition) study collected and
presented data from 1990 to 1995 based on single 24-HDR
from different regions in Italy [23]. Almost at the same
time period, the INN-CA Study group (1994e1996) pub-
lished nationwide descriptive results on food consumption
derived from food data forms (diaries and inventories) on
1147 households, corresponding to 2734 male and female
individuals [24].
On the contrary, our data have been collected until very
recently (2012) and it could be considered, at the moment,
as the most updated study at a national Italian level. In
addition, our dietary assessment methodology consisted
mainly in 24-HDR interviews assisted by the data man-
agement system INRAN-DAIRIO 3.1 and it is relevant and
comparable to those used in the most recent study of
INRAN on 2005e06 [9].
Moreover, a significant point of originality of the INHES
project and strength of this work was the larger sample
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size compared to previous studies [9], covering the ma-
jority of geographical and socio-economical strata.
Furthermore, to the best of our knowledge, this is the
first study at European level that elaborated EFSA’s Foo-
dEx2 classification system, recently available in April 2015
[10]. This is another strength that applies to the modern
meta-analytic needs in epidemiological studies. In fact, the
use of a common food classification system among studies
in different EU or other populations contributes to the
harmonization of the dietary data and makes them better
comparable for meta-analysis.
Despite the serious importance of its application, the
categorization of food items into food groups or sub-
groups of FoodEx2 was still challenging. On the one hand,
the EFSA’s classification system includes several levels of
hierarchy and various tools to assist the categorization of
foods items into groups such as facet descriptors. On the
other hand, main aim of the application of a food classi-
fication system is to merge the epidemiological informa-
tion into food groups that later on can be easily applied to
statistical or other tests and models. Keeping a balance
between the analytic perception of FoodEx2 and the needs
of summarizing information into food groups in epidemi-
ological analysis is of high importance for current and
future research in the field.
The elasticity that FoodEx2 provides to the epidemio-
logical researcher in choosing different levels of hierarchy
and various tools to do so, proved to be very useful in its
application to real data. In the present analysis, the first
two levels of hierarchy of FoodEx2 were applied providing
information on a large range of 74 food groups and sub-
groups. In addition, it is still possible to use a more
detailed or specific approach in food categorization and
presentation of data, by using various facets descriptors or
levels of hierarchy, according to the aim of the study (e.g.
the low or whole fat content in milk and dairies that is
not described in the first two levels of FoodEx2 hierarchy
requires the analysis of these data in other hierarchy
levels).
Comparison of INHES project results with INRAN’s study
results of 2005e06
Despite the fact that INRAN’s latest published data on food
group consumption were based on a different food clas-
sification system (i.e. self-developed) [9], it is still very
important to record the major differences of them
compared to the present results. This comparison will take
into account the variability evolved in food group con-
sumption during the last decade in Italy.
Considering the adult populations (i.e. 18e65 years),
both male and female INHES participants reported higher
intakes of meat and meat products and lower consump-
tion of “fish and seafood, amphibians, reptiles and in-
vertebrates”, “coffee, cocoa, tea and infusions” and
“alcoholic beverages” compared to the INRAN populations
[9]. This finding confirms in part the hypothesis that Ital-
ians tend to shift their dietary habits over the last years out
of the traditional Mediterranean diet.
Studying the latest guidelines published by the World
Health Organization [25] for the restriction in red meat
and processed red meat intake, the observed increase in
“meat and meat products” consumption over time is of
particular concern in a public health perspective for the
prevention of chronic diseases.
It is known that a concept of low carbohydrate and high
protein diet against obesity in Italy has emerged [6e8]. This
could also in part explain the increase in the consumption
of “meat and meat products” while these food groups are
the main sources of protein in such dietary patterns.
On theotherhand, according toourdata, other important
protein sources such as “fish and seafood, amphibians,
reptiles and invertebrates” seemed tobe less consumedover
time by both women and men. Several studies [26,27] have
strengthened the importance of fish intake in the primary
and secondary prevention of cardiovascular disease espe-
cially due to their high content in n3polyunsaturated fatty
acids. The latter have multiple health protective biological
actions in human metabolism [26,28,29] and their high
intake is important for public health promotion.
Furthermore, the decrease in “coffee, cocoa and tea and
infusions” consumption is also of some concern, since they
are major sources of antioxidant phytochemicals com-
pounds, especially polyphenols. The latter have been
recently studied for their role in modulating low-grade
inflammation [30,31] and disease prevention [32].
On the other hand, quite optimistic findings are the
higher consumption of fruits, legumes and nuts observed in
the female INHES adult population compared with the cor-
responding consumption of female INRAN participants [9].
Focusing on the elderly women INHES population (i.e.
>65 years), the intake of “grain and grain-based products”,
“milk and dairy products”, “egg and eggs products” and
“coffee, cocoa, tea and infusions” was lower than the cor-
responding INRAN participants. The decrease in such food
groups over time is critical considering the special needs of
the elderly for energy, protein and antioxidants [33].
Interestingly, meat and meat products and alcoholic bev-
erages were higher in both elderly women and menwithin
the INHES population compared to INRAN participants [9].
This needs further study in relation to the development
and progression of chronic diseases.
Differences in food group consumption in INHES
population among different strata
The variations observed in food group consumption be-
tween genders, geographical regions and educational level
groups in the INHES population were interesting, too.
Among gender various differences, the higher intake of
“meat and meat products” in men and the lower intake of
“grains and grain-based products” in womenwere notable.
Interestingly, participants from South Italy reported
greater consumption of “meat and meat products” while
only North sample population had greater intake of “cof-
fee, cocoa, tea and infusions”.
In addition, participants at the highest educational level
group had higher intake of “fruit and vegetable juices and
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nectars”, “coffee, cocoa, tea and infusions” and “products
for non-standard diets, food imitates and food
supplements”.
In general, the investigation of variations in food group
intake between genders, educational level groups or
geographical regions gain important meaning in public
health perspectives and applied nutrition policy. Differ-
ences in food group intake could result in variations also in
the dietary patterns of population groups.
Regarding gender differences, men naturally have
greater needs for energy and nutrients compared to
women. This fact, in combination with other lifestyle,
socio-economic or even clinical factors (alteration of diet
due to the presence of a disease) could result in significant
gender variations.
In addition, geographical differences in food group
intake could be mainly attributed to the socio-economic
variations presented between Northern and Southern re-
gions Italy but also on other factors such as culinary tra-
ditions that have a historical character.
Furthermore, the presented variations among educa-
tional groups confirm somehow the recent study of our
research group on the impact of socio-economic status on
dietary habits [7,34]. In fact, the analysis of data from
23,000 women and men participants of the Moli-sani
cohort, living in the Molise region in Italy, showed that
higher socio-economic status, especially greater income,
was associated with healthier food choices through the
adherence to the Mediterranean diet [34]. In addition,
within the same population it was observed that at the
time of economic crisis in Italy (i.e. 2007e2010), people
with higher income or at higher educational level seemed
to adhere better to the Mediterranean diet [7].
All together, these considerations underline the need
for further investigation of factors affecting differences
among various strata.
Furthermore, interesting results were derived from the
analysis of the distribution of food group intake among
meals. Notably, both women and men seemed to avoid or
to eat less “vegetable and vegetable products”, “nuts, oil
seeds and spices”, “fruit and fruit products” and “fruit and
vegetable juices and nectars” during breakfast or snack
meals.
On the other hand, “milk and dairy products”, “eggs and
egg products”, “coffee, cocoa and tea and infusions”,
“products for non-standard diets, food imitates and food
supplements” were less consumed for lunch and dinner.
The systematic absence of vegetables, fruits and nuts
from breakfast or snack needs further attention consid-
ering the health benefits offered by their consumption
in the prevention of chronic diseases [35,36]. In addition,
the inclusion of “milk, dairy products” and “eggs and egg
products” as lunch or dinner choices in combination with
other food groups could result in an appropriate intake of
protein, vitamin D and calcium especially in populations
with special requirements [33]. It has also to be noted that
the pattern of consuming “eggs and egg products” mainly
for breakfast meal may be considered as a westernized
influence on Italian dietary patterns.
Comparison of INHES project results with EPIC study’s EU
means
The comparison of the food group consumption data of the
present work with the corresponding EU means may be
relevant if one considers that they come from Italy, i.e.
from a modern Mediterranean population.
Available accurate data on EU pooled means of food
group consumption collected in different country samples
(Spain, Greece, Italy, France, Germany, The Netherlands,
United Kingdom, Denmark, Sweden and Norway) has been
provided by the EPIC study [23]. Both women and men
within the INHES population presented higher mean in-
takes of fruits, vegetables, vegetable oils and red or white
meat and lower intake of processed meat and milk.
It is important to point out that the methodology of
extracted food group data in INHES and EPIC studies dif-
fers especially in terms of the food classification system
that was elaborated in each case. This limits somehow the
accurate comparison of data while stresses the need for
harmonized efforts in food group consumption evaluation
and analysis.
Strengths
Among significant points of novelty and originality were
the dietary assessment methodologies used, the INHES
sample size and the elaboration of the FoodEx2 food
classification for the first time in a EU population. The
stratification of the descriptive analysis by gender, age
group, geographical area, educational level and meal dis-
tribution illustrated in a more specific way the results for
different study populations.
Limitations
Beyond the relevance of the findings of the present work,
limitations do exist. First, bias of over- or under-estimation
by the use of the dietary methodologies and for the
extracted data should be acknowledged. In addition, two
24-HDRs of two non-consecutive days are appreciated as a
homogeneous dietary assessment methodology for adults
in EU. The one 24-HDR could not be considered as repre-
sentative of the dietary habits of an individual and may
widow the results not comparable with other European
countries. Furthermore, the telephone-based interviews
are under the limitation of misreporting or under/over-
estimation of food consumption.
Conclusions
In conclusion, this study presents the most recent data on
food group consumption in an Italian sample. The data on
the consumption of more than 70 food groups and sub-
groups that were studied and illustrated by gender, age
group, geographical region and educational level group or
type of meal, could be considered as a good source of in-
formation for future nutrition research in Italy and in EU.






The INHES Project was funded by Barilla and by the Italian
Ministry of Economic Development within the frame of
the ATENA program MI01_00093 e New Technologies for
Made in Italy (D.I. PII MI 6/3/2008).
The funders had no role in study design, collection,
analysis, and interpretation of data; in the writing of man-
uscripts and in the decision to submit the article for publi-
cation. All Authors were and are independent from funders.
Appendix
INHES Investigators
Principal Investigator: Licia Iacoviello.
Study coordinator: Americo Bonanni.
Scientific Committee: Marialaura Bonaccio, Americo
Bonanni, Chiara Cerletti, Simona Costanzo, Augusto Di
Castelnuovo, Licia Iacoviello, Mariarosaria Persichillo,
Maria Benedetta Donati, Giovanni de Gaetano.
Dietary questionnaire validation: Mariarosaria Persi-
chillo and Francesco Zito.
Questionnaire administration: Lucia Aurisano, Paola
Barisciano, Valentina Bonaccio, Francesca Bracone, Fran-
cesca De Lucia, Giovanna Galuppo, Filippo Petrucci, Anna
Sciarretta, Angelita Verna.
Data management and analysis: Simona Costanzo,
Augusto Di Castelnuovo, Marco Olivieri, George Pounis.
Appendix A. Supplementary data
Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.numecd.2017.01.004.
References
[1] Keys A, Taylor HL, Blackburn H, Brozek J, Anderson JT, Simonson E.
Coronary heart disease among Minnesota business and profes-
sional men followed fifteen years. Circulation 1963;28:381e95.
[2] Nestle M. Mediterranean diets: historical and research overview.
Am J Clin Nutr 1995;61:1313Se20S.
[3] de Lorgeril M, Salen P, Martin JL, Monjaud I, Delaye J, Mamelle N.
Mediterranean diet, traditional risk factors, and the rate of car-
diovascular complications after myocardial infarction: final report
of the Lyon Diet Heart Study. Circulation 1999;99:779e85.
[4] Sofi F, Cesari F, Abbate R, Gensini GF, Casini A. Adherence to
Mediterranean diet and health status: meta-analysis. BMJ 2008;
337:1344.
[5] Sofi F, Innocenti G, Dini C, Masi L, Battistini NC, Brandi ML, et al.
Low adherence of a clinically healthy Italian population to nutri-
tional recommendations for primary prevention of chronic dis-
eases. Nutr Metab Cardiovasc Dis 2006;16:436e44.
[6] Pounis G, Castelnuovo AD, Costanzo S, Persichillo M, Bonaccio M,
Bonanni A, et al. Association of pasta consumptionwith body mass
index and waist-to-hip ratio: results from Moli-sani and INHES
studies. Nutr Diabetes 2016;6:e218.
[7] Bonaccio M, Di Castelnuovo A, Bonanni A, Costanzo S, De Lucia F,
Persichillo M, et al. Decline of the Mediterranean diet at a time of
economic crisis. Results from the Moli-sani study. Nutr Metab Car-
diovasc Dis 2014 Aug;24(8):853e60. http://dx.doi.org/10.1016/j.-
numecd.2014.02.014. Epub 2014 Mar 1.
[8] Sette S, Le Donne C, Piccinelli R, Mistura L, Ferrari M, Leclercq C,
INRAN-SCAI 2005e06 study group. The third National Food Con-
sumption Survey, INRAN-SCAI 2005-06: major dietary sources of
nutrients in Italy. Int J Food Sci Nutr 2013;64:1014e21.
[9] Leclercq C, Arcella D, Piccinelli R, Sette S, Le Donne C, Turrini A,
INRAN-SCAI 2005-06 Study Group. The Italian National Food
Consumption Survey INRAN-SCAI 2005-06: main results in terms
of food consumption. Public Health Nutr 2009;12:2504e32.
[10] European Food Safety Authority. Technical Report, The food clas-
sification and description system FoodEx2 (revision 2). Last
accessed, May 2016 https://www.efsa.europa.eu/sites/default/
files/scientific_output/files/main_documents/804e.pdf.
[11] Giampaoli S, Palmieri L, Donfrancesco C, Noce CL, Pilotto L,
Vanuzzo D, Osservatorio Epidemiologico Cardiovascolare/Health
Examination Survey Research Group. Cardiovascular health in
Italy. Ten-year surveillance of cardiovascular diseases and risk
factors: Osservatorio Epidemiologico Cardiovascolare/Health Ex-
amination Survey 1998e2012. Eur J Prev Cardiol 2015;22:9e37.
[12] Laurendi G, Donfrancesco C, Palmieri L, Vanuzzo D, Scalera G,
Giampaoli S, Osservatorio Epidemiologico Cardiovascolare/Health
Examination Survey 2008-2012. Association of lifestyle and car-
diovascular risk factors with lung function in a sample of the adult
Italian population: a cross-sectional survey. Respiration 2015;89:
33e40.
[13] Illner AK, Harttig U, Tognon G, Palli D, Salvini S, Bower E, et al.
Feasibility of innovative dietary assessment in epidemiological
studies using the approach of combining different assessment
instruments. Public Health Nutr 2011 Jun;14(6):1055e63. http:
//dx.doi.org/10.1017/S1368980010003587. Epub 2011 Mar 9.
[14] Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE,
et al. Cross- validation of item selection and scoring for the SF-12
health survey in nine countries: results from the IQOLA project. J
Clin Epidemiol 1998;51:1171e8.
[15] Van Kappel AL, Amoyel J, Slimani N, Vozar B, Riboli E. EPIC-SOFT
picture book for estimating portion sizes. Lyon, France: IARC Press;
1994.
[16] Sette S, Le Donne C, Piccinelli R, Arcella D, Turrini A, Leclercq C,
INRAN-SCAI 2005-6 Study Group. The third Italian National Food
Consumption Survey, INRAN-SCAI 2005-06-part 1: nutrient in-
takes in Italy. Nutr Metab Cardiovasc Dis 2011;21:922e32.
[17] Agnoli C, Krogh V, Grioni S, Sieri S, Palli D, Masala G, et al. A priori-
defined dietary patterns are associated with reduced risk of stroke
in a large Italian cohort. J Nutr 2011;141:1552e8.
[18] European Food Safety Authority. Exposure hierarchy FoodEx2
(revision 2). Last accessed, May 2016 https://www.efsa.europa.eu/
sites/default/files/assets/ExposureHierarchyrevision2.zip.
[19] de Boer EJ, Slimani N, van ’t Veer P, Boeing H, Feinberg M,
Leclercq C, et al., EFCOVAL Consortium.. The European food con-
sumption validation project: conclusions and recommendations.
Eur J Clin Nutr 2011 Jul;65(Suppl. 1):S102e7. http:
//dx.doi.org/10.1038/ejcn.2011.94.
[20] de Boer EJ, Slimani N, van ’t Veer P, Boeing H, FeinbergM, Leclercq C,
et al., EFCOVAL Consortium. Rationale andmethods of the European
food consumption validation (EFCOVAL) project. Eur J Clin Nutr
2011 Jul;65(Suppl. 1):S1e4. http://dx.doi.org/10.1038/ejcn.2011.82.
[21] Razali NM, Wah YB. Power comparisons of Shapiro-Wilk, Kolmo-
gorov-Smirnov, Lilliefors and Anderson-Darling tests. J Stat Model
Anal 2011;2:21e33.
[22] Saba A, Turrini A, Mistura G, Cialfa E, Vichi M. Indagine nazionale
sui consumi alimentari delle famiglie 1980e84: alcuni principali
risultati (Nation-wide survey on Italian households food con-
sumption 1980e84: main results). J It Soc Food Sci 1990;1990(19):
53e65.
[23] Slimani N, Fahey M, Welch AA, Wirfält E, Stripp C, Bergström E,
et al. Diversity of dietary patterns observed in the European pro-
spective investigation into cancer and nutrition (EPIC) project.
Public Health Nutr 2002;5:1311e28.
[24] Turrini A, Saba A, Perrone D, Cialfa E, D’Amicis A. Food con-
sumption patterns in Italy: the INN-CA Study 1994e96. Eur J Clin
Nutr 2001;55:571e88.
[25] Bouvard V, Loomis D, Guyton KZ, Grosse Y, Ghissassi FE, Ben-
brahim-Tallaa L, et al., International agency for Research on Cancer
Food group consumption in an Italian population 327
44
44
Monograph Working Group. Carcinogenicity of consumption of
red and processed meat. Lancet Oncol 2015 Dec;16(16):1599e600.
http://dx.doi.org/10.1016/S1470-2045(15)00444-1. Epub 2015
Oct 29.
[26] Kris-Etherton P, Harris W, Appel L, For the Nutrition Committee.
Fish consumption, fish oil, n3 fatty acids, and cardiovascular
disease. Circulation 2002;106:2747e57.
[27] GISSI Prevention trial. Dietary supplementation with n-3 poly-
unsaturated fatty acids and vitamin E after myocardial infarction:
results of the GISSI-Prevenzione trial. Lancet 1999;354:447e55.
[28] Chrysohoou C, Panagiotakos DB, Pitsavos C, Skoumas J, Krinos X,
Chloptsios Y, et al. Long-term fish consumption is associated with
protection against arrhythmia in healthy persons in a Mediterra-
nean regiondthe ATTICA study. Am J Clin Nutr 2007;85:1385e91.
[29] Kristensen SD, Iversen AM, Schmidt EB. N-3 polyunsaturated fatty
acids and coronary thrombosis. Lipids 2001;36(Suppl. 1):S79e82.
[30] Pounis G, Bonaccio M, Di Castelnuovo A, Costanzo S, de Curtis A,
Persichillo M, et al. Polyphenol intake is associated with low-
grade inflammation, using a novel data analysis from the Moli-
sani study. Thromb Haemost 2016 Jan;115(2):344e52. http:
//dx.doi.org/10.1160/TH15-06-0487. Epub 2015 Sep. 10.
[31] Pounis G, Costanzo S, di Giuseppe R, de Lucia F, Santimone I,
Sciarretta A, et al. Consumption of healthy foods at different
content of antioxidant vitamins and phytochemicals and meta-
bolic risk factors for cardiovascular disease in men and women of
the Moli-sani study. Eur J Clin Nutr 2013 Feb;67(2):207e13. http:
//dx.doi.org/10.1038/ejcn.2012.201. Epub 2012 Dec 19.
[32] Pandey KB, Rizvi SI. Plant polyphenols as dietary antioxidants in
human health and disease. Oxid Med Cell Longev 2009;2:270e8.
[33] Hellwig JP, Meyers LD, Otten JJ. Dietary reference intakes: the
essential guide to nutrient requirement. National Academies
Press; 2006.
[34] BonaccioM, Bonanni AE, Di CastelnuovoA, De Lucia F, DonatiMB, de
Gaetano G, et al., Moli-sani Project Investigators. Low income is
associatedwithpooradherence toaMediterraneandietandahigher
prevalence of obesity: cross-sectional results from the Moli-sani
study. BMJ Open 2012 Nov 19;2(6). http://dx.doi.org/10.1136/bm-
jopen-2012-001685. pii: e001685; Print 2012.
[35] Slavin JL, Lloyd B. Health benefits of fruits and vegetables. Adv Nutr
2012 Jul 1;3(4):506e16. http://dx.doi.org/10.3945/an.112.002154.
[36] Ros E. Health benefits of nut consumption. Nutrients 2010 Jul;
2(7):652e82.






CHAPTER 3.  
 
Consumption of whole grain food and its determinants in a general Italian population: 
Results from the INHES study 
 
Ruggiero E









































Consumption of whole grain food and its determinants in a general
Italian population: Results from the INHES study
E. Ruggiero a, M. Bonaccio a,*, A. Di Castelnuovo b, A. Bonanni a, S. Costanzo a,
M. Persichillo a, F. Bracone a, C. Cerletti a, M.B. Donati a, G. de Gaetano a, L. Iacoviello a,c
on behalf of the INHES Study Investigators1
a Department of Epidemiology and Prevention, IRCCS Neuromed, 86077, Pozzilli (IS), Italy
bMediterranea Cardiocentro, Napoli, Italy
c Department of Medicine and Surgery, Research Center in Epidemiology and Preventive Medicine (EPIMED), University of Insubria, 21100, Varese, Italy
Received 2 October 2018; received in revised form 11 February 2019; accepted 1 March 2019
Handling Editor: F. Galletti








Abstract Background and aims: Whole grain (WG) food consumption is associated with lower
risk of cardiovascular disease, cancer and neurological diseases. The aim of this study was to
assess the consumption of WG food and its major demographic, socioeconomic, psychosocial
and behavioral determinants in a general Italian population.
Methods and results: Data were from the Italian Nutrition & Health Survey (INHES), a telephone-
based survey established in 2010e2013 including 9422 participants aged 5 years from all over
Italy. WG food intake was assessed by the European Food Propensity Questionnaire and included
bread, pasta, breakfast cereals, biscuits and WG soups. WG consumption was categorized as
none, occasional (<1 time/week) and regular (1 time/week). Overall, 26.9% of the sample re-
ported a regular consumption of WG food (27.2% of adults aged 20e97 y, and 21.9% of chil-
dren/adolescents aged 5e19 y). In both age-groups, the major food source contributing to
total WG intake was WG bread followed by WG pasta. Among adults, greater consumption of
WG was associated with healthier lifestyle (e.g. sport activity), and higher educational level.
Eating meals outside of the house in adults, and spending >2 h/day watching TV in children/ad-
olescents were inversely associated with WG intake.
Conclusions: The percentage of WG consumers in Italy in 2010e2013 appears to be quite low and
still below that recorded in other countries of Europe where consumption is frequently over 50
percent. WG consumption is likely to be influenced by socioeconomic status and is associated
with a number of psychosocial factors, meal patterns and eating-related behaviors.
ª 2019 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction
In numerous epidemiological studies consumption of
whole grain (WG) products is associated with lower risk of
chronic diseases such as coronary heart disease [1], stroke
[2], type 2 diabetes [3] and colon-rectal cancer [4]. More-
over, habitual consumption of WG foods may contribute to
* Corresponding author. Department of Epidemiology and Preven-
tion, IRCCS Neuromed, Via dell’Elettronica, 86077, Pozzilli (IS), Italy.
E-mail addresses: marialaura.bonaccio@moli-sani.org, marialaura.
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improved adiposity indices in children and adults [5] and
appears to exert benefits also for cardiovascular risk
markers, such as blood pressure, insulin sensitivity and
plasma cholesterol [6,7]. WG consumption of any popu-
lation is difficult to study, as presently, there is no uni-
versally accepted definition of WG [8].
Recently, the Health Grain Forum, a not-for-profit con-
sortium of academics and industry working with cereal
foods, suggested that a food may be labeled as “whole
grain” if it contains >30% whole-grain ingredients in the
overall product and more whole grain than refined grain
ingredients, both on a dry-weight basis [9]. Moreover,
countries including the USA, Canada, Denmark and
Australia have specific dietary guidelines on WG intake but
others, as Italy, do not explicitly indicate the amount of
WG to be consumed, rather they only suggest to regularly
consume cereals preferably whole [10].
In particular, in the US the recommended daily con-
sumption is of at least 85 g/d [11] for adults and 42 g/d for
children [12], while in Denmark is set at 75 g/10 MJ
(2388 kcal) per day [13].
The Mediterranean diet pyramid recommends the
consumption of one or two servings of cereals at each
main meal (in the form of bread, pasta, rice, couscous and
others), preferably whole grain [14].
The latest updated data on WG consumption in Italy
derive from the INRAN-SCAI 2005e06, a cross-sectional
survey conducted on a representative sample of 1300
households randomly selected and stratified into the four
main geographical areas of Italy (North-West, North-East,
Centre, South and Islands). This study showed that WG
products, over the 3-day survey period, were consumed in
only a quarter of Italian children and adults, with mean
intakes being substantially lower than quantitative WG
recommendations [15].
The aim of this study was twofold: first, to assess the
WG intake in a large sample of the Italian population
recruited all over Italy within the Italian Nutrition & Health
Survey (INHES); second, to investigate major demographic,
socioeconomic, psychosocial and behavioral factors poss-
ibly associated with the consumption of WG foods, in
order to provide new evidence for appropriate interven-
tion strategies at population level.
Methods
Study population
The INHES Study is a 3-year telephone-based survey on
nutrition and health specifically designed to collect infor-
mation on dietary habits (quality, quantity and meal pat-
terns), food choice determinants, and food health
awareness of the Italian population according to different
geographical distribution (Northern, Central and Southern
Italy), age, gender and socioeconomic status.
Between November 2010 and November 2013, 9422
women and men aged 5 years from all over Italy were
enrolled. A full description of the study design is reported
in the supplementary material.
For the purpose of the present study, we omitted sub-
jects with missing information on WG consumption (3.1%)
or missing values for major variables of interest (1.6%). A
total of 8421 adults (aged >19 y) and 561 young subjects
(aged 19 y) were finally included in the analyses.
The INHES Study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects were approved by
the Ethical Committee of the Catholic University of Rome.
Verbal informed consent was obtained from all subjects
and was witnessed and formally recorded.
Dietary assessment
Data on food intake were collected through the Italian
version of the European Food Propensity Questionnaire
according to methods described elsewhere [16].
Total WG food intake was estimated by using infor-
mation from five different WG food groups: WG bread,
WG pasta, WG breakfast cereals, WG biscuits (including
also crackers and breadsticks) and WG soups. For each
food item, frequency of consumption was collected by the
following question: “How frequently do you eat (e.g.) WG
pasta?” and possible answers were: ‘never’, ‘once a
month or less frequent’, ‘less than 3 times a month’, ‘2e3
times/month’, ‘1e2 times a week’, ‘3e4 times a week’,
‘5e6 times a week’, ‘every day’, ‘more than 1 time/day’.
The total consumption of WG was obtained by summing
the frequency (converted into times/week) of consump-
tion of each WG food group. The study population was
eventually categorized as non-WG food consumers,
consuming WG < 1 time/week and consuming WG  1
time/week.
Adherence to the Mediterranean diet in the adult
sample was evaluated by using the MedDietScore as pro-
posed by Panagiotakos [17] including 10 food groups
(fruits, vegetables, legumes, potatoes, fish, red meat,
poultry, dairy products, alcoholic beverages, olive oil). As
compared to the original score, we did not include WG
cereals.
The final score potentially ranged from 0 to 50, the
latter reflecting maximal adherence. For analysis purposes,
the score was also used as exact tertiles.
Adherence to the Mediterranean diet in the young
sample was evaluated by using the KIDMED index (Med-
iterranean Diet Quality Index) for children and teenagers
[18], classified as follows: good (6 points, indicating an
optimal Mediterranean diet); average (4e5 points); and
poor (3 points).
The reasons for consumption of WG products was
assessed through the question “What do you think about
WG products?” with four possible answers (‘they are
healthier than regular ones’, ‘they are more natural’,
‘other,’ ‘do not know’). Data on reasons for non-
consumption of WG was obtained by the question “Why
don’t you eat WG products?” with four possible answers
(‘dislike’, ‘lack of knowledge’, ‘hard to cook’ or ‘other’). The
questionnaire on consumption of WG was administered to
a random subgroup of the sample (n Z 5805).




Meal patterns comprised either patterning of main meals
(breakfast, lunch, dinner) or context of main meals, such as
meals eaten out of the home, or eating meals in front of
the television or when using PC. Information on daily
amount of time spent in watching TV/using PC was also
collected and categorized as  or > 2 h/d.
Socioeconomic and psychosocial factors
Education was based on the highest qualification attained
andwas categorized as up to primary school (corresponding
to 5 years of study), lower secondary (>5 8 years), upper
secondary (>8  13 years), post-secondary (>13 years).
Present occupation was assembled into 6 groups:
manual, non-manual, housewife, retired, student and un-
employed. Marital status was categorized as married/living
in a couple, single, separated/divorced and widowed.
Self-rated health was assessed by the question “How
would you rate your health status” and possible answers
ranged from ‘very good’ to ‘bad’ [19]. Adverse life events
(yes/no) during the last year included questions related to
health (e.g. serious illness or death), job (e.g. retired, job
loss), or interpersonal situations (e.g. divorce, problem
with friend or relative).
Information on occupational and family-related stress
was obtained by the question “How often have you expe-
rienced stress in your workplace/family?” with answers
ranging from ‘never’ to ‘always’. Financial-related stress
was rated as none/little, moderate and a lot. Job control
was considered as none/little, moderate-good, fairly good
and not working/unascertained.
Assessment of covariates
Previous diagnosis of diabetes, hypercholesterolemia, hy-
pertension, cardiovascular disease and cancer was self-
reported and categorized as no/yes. In adults, body
mass index was calculated by using self-reported mea-
surements of height and weight, calculated as kg/m2 and
grouped into three categories as normal (<25), overweight
(25 < 30) or obese (30). BMI in children/adolescents
was categorized according to specific values for children
considering sex and age [20]. Engagement in sport activity
was considered as a dichotomous variable (yes/no).
Statistical analysis
Main characteristics of the study population across cate-
gories of weekly WG food consumption were presented as
means with standard deviation (SD), or percentages.
Associations for categorical or continuous variables
were evaluated by using general linear models adjusted for
age groups (see Table 1 for definition of age groups) and
sex (PROC GENMOD and PROC GLM in SAS for categorical
and continuous variables, respectively).
Using multinomial ordered multivariable logistic
regression analysis, odds ratios (ORs) with corresponding
95% confidence intervals (95%CI) were calculated to esti-
mate the association of 3-level WG consumption (none vs
occasional vs regular) with demographic and socioeco-
nomic factors (Tables 2 and 3), meal patterns and eating-
related behaviours (Table 4) or psychosocial factors
(Table 5).
Dummy variables for missing values of each variable of
interest were created. Two-sided P-value <0.05 was
considered as statistically significant.
The data analysis was generated using SAS/STAT soft-
ware, Version 9.4 of the SAS System for Windowsª2009.
SAS Institute Inc. and SAS are registered trademarks of SAS
Institute Inc., Cary, NC, USA.
Results
Adults
Overall, 27.2% of adults (20e97 y) reported a regular con-
sumption (1time/week) of WG products (Table 1).
Among adults, regular WG intake was more prevalent
in middle-aged subjects (50e64 years), in women and in
subjects from Northern Italy and within those having a
higher educational level (Table 1). Moreover, regular WG
consumption was higher in adults with a non-manual
occupation, and among single or separated/divorced,
non-smokers, and for those engaged in some physical ac-
tivity or with normal body weight (Table 1). Adherence to
the Mediterranean diet was slightly higher in non-
consumer/occasional consumers (Table 1).
Supplementary Figure 1A shows the percent contribu-
tion from five different WG food sources, (i.e. bread, pasta,
cereals, biscuits, soup) to the total WG intake. The major
food sources were represented by WG bread (53.3%) and
WG biscuits (27.4%), followed by WG pasta (13.1%), while
only 4.8% and 1.3% were contributed by WG breakfast ce-
reals and WG soups, respectively.
Table 2 reports the association of demographic and
socioeconomic factors with WG consumption in adult
subjects, with occasional or regular WG food intake as
opposed to non-consumers.
A clear educational gradient in WG intake emerged,
with subjects with highest educational attainment (post-
secondary) reporting higher odds of being either occa-
sional (OR Z 1.90; 95%CI 1.58e2.27) or regular consumers
(OR Z 1.59; 1.30e1.95). WG intake was also related to
occupation, marital status and engagement in sport ac-
tivities (Table 2).
Having breakfast out of home (OR Z 0.59; 0.46e0.76
and OR Z 0.43; 0.31e0.60, for occasional and regular WG
consumption, respectively) was inversely associated with
WG food intake, as compared to having breakfast at home,
and the same was true for individuals having lunch out of
home and for those having meals while watching TV
(Table 4; Model 2b).
Finally, poor self-reported health status was inversely
associated with regular WG food intake (OR Z 0.44;
0.38e0.51) as well as moderate financial circumstances-
Consumption of whole grain food and its determinants in a general Italian population 613
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related stress (OR Z 0.55; 0.40e0.76), and higher family-
related stress (OR Z 0.59; 0.40e0.87; Table 5, Model 2).
Children/adolescents
Among children/adolescents (5e19 years), 21.9% reported
a regular consumption (1times/week) of WG products
(Table 3).
In this sample, female gender and Southern Italy
geographical area were major determinants of regular WG
intake (Table 3).
In agreement with what observed for adults, the major
food source was represented by WG bread (42.3%), fol-
lowed by WG biscuits (20.2%), WG breakfast cereals
(15.7%) and WG pasta (15.8%) whereas WG soups
contributed to 6.0% of the total WG intake (Supplementary
Figure 1A).
Table 1 Characteristics of the adult population (20e97 years) according to consumption of whole grain foods.
Whole grain products intake





N (%) 8421 (100) 4656 (55.3) 1475 (17.5) 2290 (27.2) e
Age groups (y) <0.0001
20e34 6.4 6.6 6.9 5.6
35e49 28.4 26.3 31.7 30.8
50e64 33.0 30.9 37.2 34.6
65e74 20.8 22.7 17.6 18.9
75 11.4 13.5 6.6 10.0
Sex <0.0001
Women 53.3 47.5 58.8 61.3
Men 46.7 52.5 41.2 38.7
Geographical area <0.0001
Northern 40.5 39.8 36.9 44.2
Central 16.7 16.1 20.3 15.5
Southern 42.8 44.1 42.8 40.3
Educational level <0.0001
Up to primary 17.7 21.1 12.1 14.1
Lower secondary 26.3 28.1 24.7 23.8
Upper secondary 39.8 38.0 42.3 41.8
Post-secondary 16.2 12.8 20.9 20.3
Occupation <0.0001
Non-manual 31.1 26.2 37.6 36.7
Manual 18.0 19.1 18.0 15.9
Housewife 11.0 10.9 11.5 10.8
Retired 35.2 38.8 29.1 31.9
Student 1.8 1.9 1.7 1.6
Unemployed 2.9 3.1 2.1 3.1
Marital status <0.0001
Married/in couple 75.1 75.3 75.3 74.5
Single 14.6 13.9 15.9 15.4
Separated/divorced 3.2 2.5 3.5 4.5
Widowed 7.1 8.3 5.3 5.6
Smoking habit <0.0001
No 59.7 56.2 59.7 66.8
Yes 15.9 17.9 15.2 12.4
Former 22.4 23.9 23.3 18.6
Occasional 2.0 2.0 1.8 2.2
Sport activity <0.0001
No 81.6 84.3 78.8 77.8
Yes 18.4 15.7 21.2 22.2
Body mass index 0.0015
Normal weight 48.1 46.5 48.1 51.4
Overweight 38.3 39.1 38.6 36.6
Obese 13.6 14.4 13.3 12.0
Cardiovascular disease 3.2 3.9 2.0 2.7 0.0002
Cancer 3.4 3.4 3.1 3.7 0.66
Hypertension 31.8 33.2 28.4 31.2 0.0023
Diabetes 7.6 7.3 7.2 8.4 0.22
Hypercholesterolemia 21.9 21.6 21.4 22.7 0.49
MedDietScorea 28.7 (3.6) 28.8 (3.5) 28.9 (3.5) 28.5 (3.9) 0.0046
Values are reported as percentages.
a MedDietScore (not including whole grain foods) is reported as means with standard deviations.
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Table 3 reports the association of demographic and
socioeconomic factors with WG consumption among
younger subjects, with WG food intake. Boys were less
likely to consume WG as compared to girls (OR Z 0.59;
0.41e0.86 and OR Z 0.65; 0.43e1.01, for occasional and
regular consumption, respectively, Table 3; Model 2).
Younger consumers spending >2 h/d using PC were
less likely to be occasional (OR Z 0.53; 0.36e0.80)
or regular consumers (OR Z 0.56; 0.36e0.87) (Table 4;
Model 2).
Determinants of consumers’ food choice
Supplementary Figure 2 shows the main reasons people
choose to consume WG products. A great proportion of
WG consumers believe WG food is healthy food (47.7%) or
more natural than regular products (26.2%).
Reasons for non-consumption of WG are depicted in
Supplementary Figure 3 and ranged from dislike (38.8%) to
an actual lack of knowledge onWG products (45.3%), while
about 12.9% believes WG food is ‘hard to cook’.
Table 2 Demographic and socioeconomic factors associated with whole grain food consumption in the adult population (20e97 years).
Occasional consumers (n Z 1475) vs non-
consumers (n Z 4656)
Regular consumers (nZ 2290) vs non-consumers
(n Z 4656)
Model 1 OR (95%CI) Model 2 OR (95%CI) Model 1 OR (95%CI) Model 2 OR (95%CI)
Age groups (y)
20e34 -1- -1- -1- -1-
35e49 1.28 (1.06e1.54) 1.44 (1.13e1.84) 1.34 (1.08e1.66) 1.70 (1.29e2.23)
50e64 1.24 (1.03e1.50) 1.59 (1.23e2.05) 1.28 (1.03e1.58) 1.84 (1.38e2.45)
65e74 0.89 (0.73e1.08) 1.32 (0.99e1.77) 1.07 (0.85e1.34) 1.75 (1.26e2.44)
75 0.70 (0.56e0.87) 1.21 (0.88e1.66) 1.03 (0.80e1.32) 1.91 (1.34e2.72)
Sex
Women -1- -1- -1- -1-
Men 0.60 (0.55e0.65) 0.58 (0.51e0.63) 0.63 (0.57e0.70) 0.63 (0.56e0.70)
Geographical area
Northern -1- -1- -1- -1-
Central 1.05 (0.92e1.19) 1.01 (0.88e1.14) 0.80 (0.70e0.93) 0.78 (0.68e0.90)
Southern 0.87 (0.79e0.96) 0.92 (0.84e1.02) 0.80 (0.72e0.89) 0.85 (0.76e0.95)
Educational level
Up to primary -1- -1- -1- -1-
Lower secondary 1.32 (1.14e1.53) 1.33 (1.15e1.55) 1.25 (1.05e1.47) 1.25 (1.06e1.49)
Upper secondary 1.69 (1.46e1.95) 1.50 (1.29e1.74) 1.53 (1.30e1.80) 1.40 (1.18e1.66)
Post-secondary 2.36 (1.99e2.80) 1.90 (1.58e2.27) 1.93 (1.60e2.32) 1.59 (1.30e1.95)
Occupation
Non-manual -1- -1- -1- -1-
Manual 0.65 (0.57e0.74) 0.78 (0.68e0.90) 0.69 (0.60e0.80) 0.81 (0.69e0.94)
Housewife 0.57 (0.48e0.67) 0.70 (0.59e0.83) 0.60 (0.50e0.72) 0.71 (0.59e0.86)
Retired 0.68 (0.58e0.79) 0.80 (0.69e0.94) 0.71 (0.60e0.85) 0.83 (0.69e0.98)
Student 0.75 (0.51e1.10) 0.80 (0.54e1.19) 0.94 (0.60e1.46) 0.97 (0.61e1.54)
Unemployed 0.63 (0.48e0.82) 0.74 (0.56e0.98) 0.90 (0.67e1.21) 1.07 (0.79e1.45)
Marital status
Married/in couple -1- -1- -1- -1-
Single 1.19 (1.03e1.39) 1.14 (0.98e1.33) 1.19 (1.01e1.40) 1.14 (0.97e1.35)
Separated/divorced 1.47 (1.15e1.88) 1.43 (1.11e1.85) 1.48 (1.15e1.91) 1.46 (1.13e1.89)
Widowed 0.68 (0.56e0.83) 0.70 (0.58e0.85) 0.68 (0.55e0.85) 0.68 (0.55e0.85)
Smoking habit
No -1- -1- -1- -1-
Yes 0.65 (0.58e0.74) 0.66 (0.58e0.76) 0.62 (0.53e0.72) 0.62 (0.53e0.72)
Former 0.90 (0.80e1.00) 0.90 (0.80e1.01) 0.76 (0.66e0.86) 0.75 (0.66e0.86)
Occasional 0.90 (0.66e1.23) 0.85 (0.62e1.17) 0.99 (0.71e1.40) 0.93 (0.66e1.32)
Sport activity
No -1- -1- -1- -1-
Yes 1.48 (1.32e1.66) 1.34 (1.19e1.51) 1.41 (1.25e1.60) 1.32 (1.16e1.49)
Body mass index
Normal weight -1- -1- -1- -1-
Overweight 1.01 (0.91e1.11) 1.08 (0.98e1.20) 0.94 (0.84e1.05) 1.00 (0.90e1.12)
Obese 0.87 (0.76e0.99) 0.99 (0.86e1.14) 0.81 (0.69e0.94) 0.90 (0.76e1.05)
MedDietScore
Poor (5e27) -1- -1- -1- -1-
Average (28e30) 0.87 (0.78e0.97) 0.85 (0.76e0.95) 0.81 (0.71e0.91) 0.80 (0.71e0.91)
Good (31e44) 1.00 (0.90e1.11) 0.97 (0.87e1.08) 0.86 (0.76e0.96) 0.86 (0.76e0.97)
Model 1 Z Odds ratio (OR) with 95% confidence intervals (95%CI) obtained from a model adjusted for age groups and sex.
Model 2Z as in model 1, further controlled for geographical area, educational level, occupation, marital status, smoking habit, sport activity, BMI,
CVD, hypertension and adherence to Mediterranean diet (not including whole grains).































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The present study provides an updated evaluation of WG
food consumption and its major demographic, socioeco-
nomic, psychosocial and behavioural factors in a large
sample of Italian adults, children and adolescents.
Findings showed that WG food is consumed on a reg-
ular basis (1 time/week) by 26.9% of the whole study
sample, with WG bread being the major food source of
total WG food for both age groups, up to half of the total
WG intake.
These data are in accordance with prior data from the
INRAN-SCAI 2005e06 survey [15] showing that WG bread
represents the principal food source of total WG intake in
adults (46%) while children were more likely to report a
prevalent intake of WG breakfast cereals (32%) that in our
young population contributed to 15.7% of the total WG
intake. Similarly, INHES adults showed low consumption
of breakfast cereals (4.8%) in line with the INRAN-SCAI
adults (7%), although reporting greater WG pasta intake
over the total WG consumption (13.1% vs 2%, respectively).
Our results are also in line with data from a cohort of 1400
French adults [23] indicating that the highest contribution
to total WG intake derived from WG bread (and toast)
intake, although breakfast cereals contributed much more
as compared to our Italian adult sample (24%).
Previous population surveys reveal cultural differences
in WG food consumption which is typically higher in
Scandinavian countries [21] than in many other European
countries.
In detail, the percentage of adult consumers (27.2%)
resulting from our study is lower than that documented by
surveys conducted in USA [12] or UK [22] all reporting
consumption above 50 percent, while it is similar to that
reported in France (around 30%) [23].
The relatively low consumption of WG foods observed
in our Italian sample, which is fairly similar to that re-
ported by the INRAN-SCAI national survey [15], appears to
be in contrast with the fact that our population is sup-
posed to be close to a traditional Mediterranean diet which
definitely encourages higher intake of unrefined cereals.
Yet, in a global perspective, the comparison between
countries needs to be interpreted with caution owing the
different survey methods used to collect data on WG
intake. Indeed, in our survey we used a food propensity
questionnaire while others mainly relied on food intake
recorded by dietary recalls [24,25]. Moreover, the differing
food sources of WG (e.g. lack of ready to eat breakfast
cereals in Italy) makes it difficult an actual comparison
among countries.
Beyond providing an update of WG consumption in
Italy, we also aimed at identifying the major determinants
Table 5 Psychosocial factors associated with whole grain intake in adults (20e97 years).
Occasional consumers (n Z 1475) vs non-
consumers (n Z 4656)
Regular consumers (n Z 2290) vs non-
consumers (n Z 4656)
Model 1 OR (95%CI) Model 2 OR (95%CI) Model 1 OR (95%CI) Model 2 OR (95%CI)
Self-reported health status
Very good -1- -1- -1- -1-
Bad 0.47 (0.41e0.54) 0.51 (0.45e0.59) 0.41 (0.36e0.46) 0.44 (0.38e0.51)
Type of distress
Adverse life events
None -1- -1- -1- -1-
At least one 0.92 (0.80e1.06) 0.92 (0.80e1.07) 1.00 (0.86e1.17) 0.93 (0.79e1.09)
Occupation-related
Never -1- -1- -1- -1-
Sometimes/most of the times 1.03 (0.76e1.38) 0.94 (0.69e1.29) 0.83 (0.60e1.13) 0.70 (0.50e0.97)
Often/Always 0.88 (0.62e1.24) 0.78 (0.54e1.12) 0.80 (0.55e1.15) 0.68 (0.46e1.00)
Not working/unascertained 0.76 (0.56e1.02) 0.79 (0.57e1.08) 0.65 (0.47e0.90) 0.61 (0.43e0.85)
Family-related
Never -1- -1- -1- -1-
Sometimes 1.21 (0.93e1.57) 1.13 (0.87e1.48) 0.94 (0.71e1.24) 0.87 (0.66e1.15)
Most of the times 0.78 (0.60e1.02) 0.77 (0.59e1.00) 0.69 (0.52e0.92) 0.69 (0.52e0.91)
Often/Always 0.71 (0.50e1.01) 0.71 (0.49e1.01) 0.60 (0.40e0.88) 0.59 (0.40e0.87)
Job control
None/little -1- -1- -1- -1-
Moderate -good 0.86 (0.70e1.05) 0.82 (0.66e1.01) 0.80 (0.64e1.01) 0.77 (0.61e0.98)
Fairly good 1.26 (1.01e1.57) 1.18 (0.94e1.47) 1.22 (0.96e1.55) 1.16 (0.91e1.48)
Not working/unascertained 0.93 (0.78e1.12) 0.98 (0.81e1.19) 0.98 (0.80e1.20) 1.02 (0.83e1.27)
Financial circumstances-related
None/little -1- -1- -1- -1-
Moderate 0.80 (0.60e1.08) 0.73 (0.54e0.99) 0.65 (0.49e0.89) 0.55 (0.40e0.76)
A lot 0.94 (0.70e1.28) 0.96 (0.71e1.31) 0.93 (0.67e1.27) 0.88 (0.63e1.21)
Not working/unascertained 0.50 (0.34e0.73) 0.58 (0.39e0.86) 0.55 (0.36e0.83) 0.58 (0.38e0.89)
Model 1 Z Odds ratio (OR) with 95% confidence interval (95%CI) obtained from a model adjusted for age groups and sex.
Model 2Z as in model 1, further controlled for place of residence, educational level, occupation, marital status, smoking habit, sport activity, BMI,
CVD, hypertension and adherence to Mediterranean diet (excluding whole grains).
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of (or variables correlated with) WG food consumption by
analysing the association with a number of demographic,
socioeconomic, psychosocial and behavioural factors.
A clear educational gradient emerged, with subjects
with highest educational attainment being more likely to
be regular WG consumers as opposed to those in the
lowest educational group, in line with the INRAN-SCAI
2005e06 survey [16], and with data deriving from non-
Mediterranean settings [22]; we also found an associa-
tion with occupation, with highest intakes reported among
most advantaged social classes and smallest in the lower
classes, as previously reported in a UK study [22].
The socioeconomic shape of WG food intake is in
agreement with the socioeconomic gradient already
observed for high quality diets, and may be accounted at
least in part by the fact that higher educational level is
usually associated with increased nutrition knowledge
which possibly leads to healthier food choices [26].
In general, we found that regular WG consumers had a
healthier lifestyle, including higher physical activity and
abstention from tobacco, as already documented in other
epidemiological settings [27].
Some meal patterns and eating-related behaviors were
also associated with WG food intake, Individuals eating
meals out of the home (i.e. breakfast or lunch) were less
likely to consume WG food, thus suggesting that WG
consumption is associated with a more regular eating
behavior.
We also documented a relation of regularWG food intake
with self-reported health status and stressful life events, in
agreementwith a large body of evidence indicating that diet
quality is often associated with improved quality of life [28]
or other indicators of mental well-being [29].
Regarding prevailing opinions on WG food, we found
that about half of study participants believe WG products
to be good for health, in agreement with previous results
[31], and this might indicate the effectiveness of recent
public campaigns to raise public awareness of the health
benefits associated with WG food consumption.
On the other side, lack of knowledge on WG food is
reported as being the most common obstacle by non-
consumers and this may suggest that both public health
strategies and food companies should direct their efforts at
increasing knowledge and awareness of WG products.
As compared to estimations provided by the previous
INRAN-SCAI survey in 2005-06, WG consumers in Italy
experienced a relatively modest increase from 23% to
26.9% in 2013, thus leading to a serious re-thinking of
public health strategies in order to increase the con-
sumption of WG products in a more substantial manner at
population level, especially in light of the numerous health
benefits associated with WG intake [1e4].
Some useful suggestions come from the Danish health
promotion campaign to increase WG consumption which
included the following actions: increasing WG content of
commercial food products; mass communication to
improve consumers’ knowledge about WG foods and their
health benefits; and a certification logo on foods with a
high WG content [30].
Of course, WG food promotion should be put within a
wider context aimed to increase grain consumption glob-
ally, also in light of the fact that certain non-WG staple
grain foods can be included in a healthy dietary pattern,
provided that the dietary pattern maintains recommen-
dations for calories, saturated fats, sodium and added
sugars, as recently highlighted by the National Health and
Nutrition Examination Survey (NHANES) suggesting that a
variety of grain food groups (including enriched grains as
ready-to-eat cereals) have the potential to increase con-
sumption of shortfall nutrients [31].
Strengths and limitations of the study
This study has several strengths, including its large sample
size and the large number of covariates used to accom-
modate at least in part confounding.
The considerable number of indicators used to assess
meal patterns and the psychosocial dimension and their
relation with dietary habits represents one major novelty
of the present study.
Major limitations are represented by its cross-sectional
and telephone-based design, the self-reported nature of data
collection and lack of quantification of WG consumption.
An additional limitation is that, given that self-reported
data were used, it is not possible to know whether the
foods the participants described were actually WG
containing.
Finally, we acknowledge that causality cannot be
inferred due to the observational design of our study.
Conclusions
To the best of our knowledge, this study represents the
most updated investigation on WG intake and its de-
terminants in the Italian population.
Overall, the percentage of WG consumers emerging
from our study (26.9%) is similar to that reported by the
last Italian survey (23%) and appears to be still below es-
timations recorded in other countries of Europe, although
comparisons should be made with caution.
Our study also showed that WG consumption clearly
clusters with socioeconomic factors, health-related be-
haviors, meal patterns and with a number of psychosocial
factors. Increasing knowledge on major determinants of
regular WG intake may help defining more targeted public
health strategies to increase the consumption of WG foods,
especially in countries in which consumption is lower than
recommended.
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Background: To evaluate the adherence to Mediterranean diet (MD) and its major socioeconomic and psychosocial
determinants in a large sample of the Italian population, covering three main geographical areas of the Country
(Southern, Central and Northern). Methods: Data were obtained from the Italian Nutrition & Health Survey
(INHES), including a total of 7, 430 participants (age >20) recruited from all over Italy (2010–13). Dietary informa-
tion was collected by the European Food Propensity Questionnaire. Adherence to MD was assessed by using the
MedDietScore based on 11 food groups. Associations were tested by multivariable logistic regression analysis
(Odds ratio [OR] with 95% CI). Results: Adherence to MD was higher in Southern Italy as compared with the
Northern (OR = 1.34; 95% CI 1.18–1.53), and was closely associated with adult age (OR= 2.40; 1.61–3.58 for those
aged > 75 years as compared with 20–34 years) and higher educational level (OR = 1.77; 1.40–2.24 for post-
secondary education as opposed to lowest educational attainment). Subjects reporting adverse life events and
those with family-related stress were less likely to show an optimal adherence to MD (OR = 0.55; 0.46–0.67 and
OR = 0.44; 0.28–0.69, for highest vs. lowest tertile, respectively) as compared with adequate controls. A number of
eating behaviours were also inversely associated with MD, such as consuming higher amount of alcohol in the
weekend than in week days. Conclusions: Adherence to MD is strongly determined by age, geographical area and
educational level. Psychosocial factors and several eating behaviours are also closely associated.
. .. . . .. . .. . .. . .. . .. . .. . .. . .. . . .. . .. . .. . .. . .. . .. . .. . .. . . .. . .. . .. . .. . .. . .. . .. . .. . . .. . .. . .. . .. . .. . .. . .. . .. . .
Introduction
The Mediterranean diet (MD) is a traditional dietary patternmainly followed in the Mediterranean regions1–3 and is
considered the golden standard of healthy nutrition, being
strongly associated with decreased morbidity and mortality,
especially from cardiovascular and cerebrovascular causes.4,5
More recently, a global shifting from the MD was documented
especially in the Mediterranean regions that experienced the greatest
loss of adherence as opposed to non-Mediterranean Countries,6–8 to
such an extent that a nutrition transition issue emerged also for
Mediterranean populations.9,10 Moreover, this downward trend
was observed also for children and adolescents.11–13 The
withdrawal from an MD could be influenced by numerous factors,
and more recently a likely impact of the economic crisis has been
proposed as a major cause for the shifting from this dietary
pattern.8,14 In this context, improving the understanding of the
major determinants associated with an MD is of crucial
importance. Adherence to MD clusters with other healthy
behaviours (i.e. physical activity and abstention from tobacco) is
strongly associated with socioeconomic status,15 and age.16 The
socioeconomic gradient of diet quality has been well documented
mainly in Northern European and US settings,17,18 although
evidence from Mediterranean regions has been recently presented.15
Most of the evidence on possible determinants associated with an
MD in Italy comes from relatively small samples of subjects, often
recruited in specific geographical areas that may not represent the
whole Italian territory,16,19–22 while the latest dietary survey at
national level was performed more than a decade ago.23
In light of the above, the main aim of this study is 2-fold: first, to
evaluate the actual adherence to MD in a large sample of the Italian
population recruited from all over Italy within the Italian Nutrition
& Health Survey (INHES), in order to provide updated data on the
actual dietary habits of Italian people; second, to investigate major
demographic, socioeconomic, psychosocial and behavioural factors
possibly associated with adherence to MD, also with the purpose of
providing new evidence for targeting appropriate intervention
strategies at population level.
Methods
Study population
The INHES is a 3-year telephone-based survey on nutrition and
health specifically designed to collect information on the dietary
habits (quality, quantity and patterns), food choice determinants
and food health awareness of the Italian population according to
different geographical distribution, age, gender and socioeconomic
profile.
Between November 2010 and November 2013, 9319 women and
men aged 5 years from all over Italy were enrolled. Firstly, subjects
(n = 9106) in the age range 35–79 years, recruited in the 2008-2012
wave of the Italian Cardiovascular Epidemiologic Observatory24,25
were invited to participate in the INHES survey. Once they accepted,
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participants were asked to invite one relative older than 79 or
younger than 35 years to join the survey. Finally, 5385 (59.1%)
from the original population and 3754 from their relatives for a
total of 9139 subjects were included in the survey. These subjects
were distributed in the four seasons (excluding Christmas, Easter
and mid-August periods). The survey calendar was organized to
capture an adequate proportion of weekdays and weekend days at
group level. The recruitment was performed using computer-
assisted-telephone-interviewing. A full description of the study
design is reported elsewhere.26
For the purpose of this study, we included individuals aged >20
years (n = 8772) and omitted subjects with self-reported diagnosis of
CVD (3.1%), cancer (3.2%) and diabetes (7.1%) or missing values
for major variables of interest (2.6%). Finally, a total of 7430 subjects
were included in the analyses.
Dietary assessment
Data on food intake were collected by the Italian version of the
European Food Propensity Questionnaire.27 Adherence to MD was
evaluated by using the MedDietScore as proposed by
Panagiotakos.28 Assessment was based on the monthly consumption
of eleven foods groups: cereals (bread, pasta, other grains, biscuits
etc.), fruit, vegetables, legumes, potatoes, fish, meat and meat
products, poultry, full fat dairy products (cheese, yoghurt and
milk), olive oil and alcohol intake. Ratings (from 0 to 5 or the
reverse) were assigned to each food group according to their
position in the MD pyramid.
For the consumption of items presumed to be close to this pattern,
a score 0 was assigned when someone reported no consumption, score
1 when they reported consumption of 1–4 servings/month, score 2 for
5–8 servings/month, score 3 for 9–12 servings/month, score 4 for 13–
18 servings/month and score 5 for more than 18 servings/month. For
the consumption of foods considered to be far from the MD (meat
and meat products, poultry and full fat dairy products), scores on a
reverse scale (i.e. 5 when someone reported no consumption to 0
when they reported almost daily consumption) were assigned.
Alcohol intake was scored 5 for consumption of less than 300 ml of
alcohol/day, 0 for consumption of more than 700 ml/day and 4–1 for
consumption of 300, 400–500, 600 and 700 or 0 ml/day, respectively.
The final score potentially ranged between 0 and 55, the latter
reflecting maximal adherence to MD. For analysis purposes, the
score was also used as exact tertiles.28
Meal patterns and eating behaviours
Meal patterns comprised either frequency of main meals (breakfast,
lunch, dinner) or frequency of main meals eaten out of home
(breakfast, lunch and dinner). A number of eating behaviours
were also investigated as patterns of alcohol consumption (regular
days/week end), frequency of use of vending machine, kebab con-
sumption, and having meals while watching TV or using PC.
Information on daily amount of time spent in watching TV/using
PC was also collected.
Socioeconomic and psychosocial factors
Education was based on the highest qualification attained and was
categorized as up to elementary school (corresponding to  5 years
of study), lower secondary (>5  8 years), upper secondary (8–13
years), post-secondary (>13 years).
Present occupation was assembled into six groups: manual, non-
manual, housewife, retired, student and unemployed. Marital status
was intended as married/living in a couple, single, separated/
divorced and widowed.
Self-rated health was assessed through one-item question ‘In
general, how would you rate your health status’ and responses
were arranged along a five item Likert-type scale from ‘very good’
to ‘poor’.
Adverse life events (yes/no) during the last year included
questions related to health (e.g. serious illness or death), job (e.g.
retired, job loss) or interpersonal situations (e.g. divorce, problem
with friend or relative).
Data on occupation or family-related stress were obtained by the
question ‘How often have you experienced stress in your workplace/
family?’ with answers ranging from never to always. Financial-
related stress was rated as none/little, moderate and a lot. Job
control was considered as none/little, moderate-good, fairy good
and not working/unascertained.29
Sleep quality was assessed through the question ‘How would you
rate your sleep?’ with two possible answers (restless or restful).
Assessment of covariates
Information on present use of lipid-lowering drugs or medications
for high blood pressure were self-reported and categorized as no/yes.
Body mass index (BMI) was calculated by using self-reported meas-
urements of height and weight, calculated as kg/m2 and grouped
into three categories as normal (<25), overweight (25 < 30) or
obese (30). Sport activity was considered as a dichotomous
variable (yes/no).
The population was also stratified as living in an urban or rural
environment on the basis of the urbanization level as defined by the
European Institute of Statistics (EUROSTAT definition) and
obtained by the tool ‘Atlante Statistico dei Comuni’ provided by
the Italian National Institute of Statistics.30
Statistical analysis
Main characteristics of the study population across levels of
adherence to MD were presented as numbers and percentages,
while the MedDietScore (continuous) was displayed as means with
SD.
Associations for categorical or continuous variables reported in
table 1 were evaluated by using general linear models adjusted for
age groups and sex (PROC GENMOD and PROC GLM in SAS
software for categorical and continuous variables, respectively).
Multivariable odds ratios (ORs) with 95% CIs were used to test
the likelihood of being in the highest tertile of MedDietScore
(highest vs. lowest, with removal of the second tertile) in association
with demographic and socioeconomic factors (table 2), meal
patterns and eating behaviours (table 3) or psychosocial factors
(table 4).
Two logistic regression models were fitted in order to account for
possible confounding. Model 1 (table 2) was adjusted for age groups
and sex, multivariable models 2 (tables 2–4) were obtained by
including all the variables listed in table 1 that resulted associated
with the outcome with P values < 0.20.
Dummy variables for missing values were created. Two-sided P
values < 0.05 was considered as statistically significant.
Subgroup analyses for geographic area were undertaken.
Appropriate multiplicative terms for testing interaction of geograph-
ical area (Northern, Central and Southern regions) with main demo-
graphic and socioeconomic factors were included in the
multivariable models to test for a difference of effect of geographic
area in modulating the relationship between MD and its
determinants.
The data analysis was generated using SAS/STAT software,
Version 9.4 of the SAS System for Windows 2009. SAS Institute
Inc. and SAS are registered trademarks of SAS Institute Inc., Cary,
NC, USA.
Results
Table 1 shows the characteristics of the whole population across
tertiles of adherence to MD. Mean adherence to MD was 29.6 (SD
= 5.4), ranging from 5 to 49.
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People with the highest adherence to MD were more likely to be
from Southern Italy and to have a higher educational level. Former/
occasional smokers and sport activity were also associated with an
optimal adherence to MD (table 1).
The odds of being in the uppermost level of MD increased
according to age groups as well as living in Southern regions or in
an urban environment rather that in rural areas (table 2;
multivariable model 2).
A clear educational gradient in MD emerged, with subjects with
highest education reporting greater adherence to this dietary pattern,
while no association with occupation was found (table 2;
multivariable model 2).
People exhibiting a healthier lifestyle were also more likely to be
closer to an MD diet, as those engaged in sport activities, as well as
occasional/former smokers (table 2; multivariable model 2), while
no association was found with BMI (table 2).
The association ofMDwith some demographic and socioeconomic
factors was likely to be modified by geographical area; subgroup
analyses (Supplementary table S1) revealed an effect modification
of geographical area for the association of MD with age groups and
place of living. Indeed, adult and older subjects were more likely to
adhere to an MD in Central and Southern regions, rather than in the
Northern part of Italy (p for interaction = 0.027); moreover, living in
an urban environment was inversely associated with MD in the
Northern part of Italy (OR = 0.55; 0.38–0.79), and positively in the
Central (OR = 1.18; 0.76–1.85) and Southern regions of the country
(OR = 1.91; 1.54–2.38; P for interaction < .0001).
A number of behaviours were also inversely associated with MD
adhesion, as consuming relatively higher amount of alcohol in the
week end as opposed to weekdays (OR = 0.61; 95% CI 0.46–0.81 for
higher amounts vs. same intake; table 3), as well as spending more
time watching TV (OR = 0.45; 95% CI 0.33–0.60, for >4 vs. < 1 h/
day; table 3).
Subjects usually reporting having breakfast out of home (OR =
0.63; 95% CI 0.47–0.85), those using vending machine more
frequently (OR = 0.78; 95% CI 0.61–0.99) or consuming kebab up
to three times a month (OR = 0.71; 95% CI 0.61–0.84) were less
likely to report closer adherence to MD (table 3).
Table 1 Characteristics of the population according to levels of adherence to the MD
Adherence to MD (MedDietScore)
Whole sample First tertile Second tertile Third tertile P value
MedDietScore (min–max) 5–49 5–28 29–31 32–49 –
MedDietScore (mean, SD) 29.6 (5.4) 24.4 (5.4) 30.0 (0.8) 34.1 (2.3) –
n, % 7430 2514 (33.8) 2 204 (29.7) 2 712 (36.5) –
Sex (men) 45.7 38.7 51.1 47.8 <0.0001
Geographical area 0.0009
Northern 41.0 42.7 41.7 38.9
Centre 16.8 17.1 17.4 16.1
Southern 42.1 40.2 40.9 44.9
Place of living 0.0002
Rural 13.6 15.3 13.7 11.9
Urban 86.4 84.6 86.3 88.1
Age groups <0.0001
20–34 6.2 8.4 6.0 4.3
35–49 31.8 33.1 31.7 30.7
50–64 33.5 29.8 33.2 37.3
65–74 18.9 18.5 19.7 18.6
75 9.6 10.1 9.5 9.1
Educational level <0.0001
Up to elementary 15.5 16.9 16.2 13.6
Lower secondary 25.5 27.6 25.7 23.4
Upper secondary 41.7 40.8 41.4 42.8
Post-secondary 17.3 14.8 16.7 20.1
Occupation 0.20
Manual 19.1 19.0 19.8 18.6
Non-manual 33.7 32.5 33.4 35.2
Housewife 11.2 12.0 10.3 11.0
Retired 31.8 31.5 32.3 31.7
Student 1.1 1.6 1.2 0.7
Unemployed 3.0 3.3 3.0 2.8
Marital status 0.10
Married /in couple 75.5 72.7 76.5 77.1
Single 14.8 16.9 14.2 13.4
Separated/divorced 3.3 2.7 3.2 3.8
Widowed 6.4 7.6 6.0 5.7
Smoking habit <0.0001
No 60.7 65.3 60.5 56.5
Current 16.7 17.7 16.5 15.9
Former 20.6 15.5 21.0 25.0
Occasional 2.0 1.4 2.0 2.6
Sport activity 19.4 15.9 18.4 23.4 <0.0001
Drugs for hypertension 25.9 24.8 26.7 26.3 0.60
Drugs for hyperlipidaemia 10.0 9.6 9.8 10.4 <0.0001
BMI 0.069
Normal weight 49.8 51.2 48.5 49.5
Overweight 37.8 35.1 39.2 39.2
Obese 12.4 13.6 12.4 11.3
Numbers are presented as percentages unless otherwise stated. P values adjusted for sex and age groups.
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Reporting at least one adverse life event or family-related stress in
the last year was inversely associated with MD (OR = 0.55; 0.46–0.67
and OR = 0.44; 0.28–0.69, respectively; table 4), while good self-
rated health was positively associated (table 4). Sleep quality was
not associated with adherence to the MD (table 4).
Discussion
This study aimed to assess the actual adherence to MD in a large
representative sample of the Italian population and to investigate its
Table 3 Association of meal patterns and eating behaviours with
adherence to the MD
MedDietScore
% ORs (95% CI) ORs (95% CI)
Model 1 Model 2
Breakfast
Home 93.7 –1– –1–
Out 3.9 0.61 (0.46–0.81) 0.63 (0.47–0.85)
Having breakfast
Never/rarely 1.6 –1– –1–
Always 88.6 0.93 (0.61–1.43) 0.88 (0.56–1.37)
Only with coffee 8.9 0.83 (0.52–1.32) 0.78 (0.48–1.26)
Late morning snack
Never/rarely 69.8 –1– –1–
Always 29.2 1.14 (1.01–1.28) 1.09 (0.96–1.24)
Lunch
Home 86.9 –1– –1–
Out 11.8 0.97 (0.81–1.15) 0.97 (0.80–1.17)
Having lunch
Never/rarely 0.5 –1– –1–
Always 98.7 0.99 (0.45–2.20) 0.84 (0.37–1.92)
Late afternoon break
Never/rarely 74.3 –1– –1–
Always 24.7 1.04 (0.91–1.18) 1.01 (0.89–1.15)
Aperitif
Never 82.9 –1– –1–
Sometimes 14.9 1.77 (1.50–2.10) 1.60 (1.34–1.90)
Always 1.6 0.98 (0.64–1.51) 0.96 (0.62–1.50)
Dinner
Home 97.7 –1– –1–
Out 0.8 0.77 (0.42–1.43) 0.83 (0.44–1.55)
Having dinner
Never/rarely 0.4 –1– –1–
Always 98.7 1.94 (0.89–4.25) 1.87 (0.84–4.14)
Alcohol consumed in the week end as compared with the whole week
Same amount 80.0 –1– –1–
Higher amount 6.5 0.60 (0.46–0.79) 0.61 (0.46–0.81)
Lower amount 13.5 0.76 (0.62–0.94) 0.74 (0.59–0.91)
Vending machine use
Never 78.5 –1– –1–
Up to 2–3 times/month 9.8 0.87 (0.72–1.06) 0.86 (0.70–1.04)
1–2 times/week 4.3 0.78 (0.60–1.03) 0.78 (0.59–1.04)
>3 times/week 6.9 0.79 (0.63–0.99) 0.78 (0.61–0.99)
Kebab consumption
Never 81.5 –1– –1–
Up to 2–3 times/month 17.0 0.76 (0.65–0.89) 0.71 (0.61–0.84)
>1–2 times/day or more 0.5 1.16 (0.48–2.80) 0.87 (0.35–2.16)
Time spent watching TV
<1 h/day 7.2 –1– –1–
1–2 h/day 31.5 0.99 (0.79–1.24) 1.02 (0.81–1.29)
2–3 h/day 49.6 0.71 (0.57–0.89) 0.73 (0.58–0.92)
>4 h/day 11.1 0.39 (0.30–0.52) 0.45 (0.33–0.60)
Time spent using PC
Never 49.2 –1– –1–
<1 h/day 20.0 1.40 (1.19–1.65) 1.17 (0.98–1.39)
1–2 h/day 22.5 0.90 (0.77–1.05) 0.75 (0.63–0.89)
>2 h/day 7.6 1.09 (0.87–1.38) 0.82 (0.64–1.06)
Having meals while watching TV
Never 92.4 –1– –1–
Sometimes 6.2 0.93 (0.74–1.17) 0.86 (0.68–1.09)
Yes 0.9 0.95 (0.54–1.68) 1.00 (0.56–1.80)
Having meals while using PC
Never 98.1 –1– –1–
Sometimes 0.9 0.85 (0.50–1.45) 0.68 (0.39–1.19)
Yes 0.2 0.81 (0.22–3.00) 0.82 (0.22–3.09)
Model 1 = ORs with 95% CIs obtained from a model adjusted for
age groups and sex.
Model 2 = as in model 1, further controlled for geographical area,
place of living, educational level, occupation, marital status,
smoking habit, sport activity, BMI, drugs for hypertension, use of
lipid-lowering medications.
Table 2 Demographic and socioeconomic factors associated with
adherence to the MD
MedDietScore
OR (95% CI) OR (95% CI)
Model 1 Model 2
Age groups
20–34 –1– –1–
35–49 1.79 (1.40–2.30) 1.74 (1.29–2.33)
50–64 2.43 (1.90–3.10) 2.44 (1.79–3.33)
65–74 1.97 (1.52–2.55) 2.36 (1.65–3.40)
75 1.72 (1.29–2.30) 2.40 (1.61–3.58)
Sex
Women –1– –1–
Men 1.32 (1.21–1.43) 1.36 (1.20–1.55)
Geographical area
Northern –1– –1–
Central 1.05 (0.89–1.23) 1.01 (0.86–1.19)
Southern 1.24 (1.10–1.40) 1.34 (1.18–1.53)
Place of living
Rural –1– –1–
Urban 1.36 (1.16–1.59) 1.36 (1.15–1.61)
Educational level
Up to Elementary –1– –1–
Lower secondary 1.07 (0.88–1.29) 1.02 (0.84–1.24)
Upper secondary 1.45 (1.20–1.75) 1.35 (1.11–1.64)
Post-secondary 1.95 (1.57–2.42) 1.77 (1.40–2.24)
Occupation
Manual –1– –1–
Non-manual 1.20 (1.02–1.40) 0.96 (0.81–1.15)
Housewife 1.10 (0.89–1.37) 1.08 (0.86–1.36)
Retired 0.99 (0.80–1.37) 0.89 (0.72–1.11)
Student 0.86 (0.46–1.60) 0.78 (0.41–1.46)
Unemployed 1.06 (0.75–1.49) 0.92 (0.65–1.31)
Marital status
Married /in couple –1– –1–
Single 0.98 (0.82–1.18) 0.97 (0.80–1.17)
Separated /divorced 1.37 (1.00–1.88) 1.33 (0.96–1.84)
Widowed 0.83 (0.65–1.05) 0.90 (0.70–1.16)
Smoking habit
No –1– –1–
Current 0.98 (0.84–1.14) 0.99 (0.84–1.16)
Former 1.62 (1.40–1.88) 1.59 (1.37–1.85)
Occasional 2.20 (1.46–3.33) 2.02 (1.33–3.08)
Sport activity
No –1– –1–
Yes 1.72 (1.49–1.99) 1.62 (1.39–1.88)
BMI
Normal weight –1– –1–
Overweight 1.00 (0.88–1.13) 1.02 (0.90–1.16)
Obese 0.75 (0.63–0.90) 0.80 (0.67–0.97)
Model 1 = ORs with 95% CIs obtained from a model adjusted for
age groups (five categories) and sex.
Model 2 = as in model 1, further controlled for geographical area,
place of living, educational level (four categories), occupation (six
categories), marital status (four categories), smoking habit (four
categories), sport activity, BMI (three categories), drugs for hyper-
tension, use of lipid-lowering medications.
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major demographic, socioeconomic and psychosocial determinants.
So far, data on dietary habits in the Italian population were mainly
obtained from relatively small samples of subjects or pertaining to
specific districts,16,19,20 which can likely prevent from an actual
estimation of the dietary habits across the whole country, with
little chance to offer insights on possible differences at national level.
In light of this, the present results from the INHES study represent
the first attempt to identify the major determinants of the MD all
over Italy, in recent years, after the beginning of the economic crisis,
which has been previously associated with a dramatic drop in the
adherence to the MD.31
We found that men, middle-aged subjects (50–64 years) and those
living in Southern Italian regions showed a better adherence to MD,
in agreement with a previous Italian investigation.19
A clear educational gradient emerged, with highest educational
attainment being more likely associated with MD as opposed to
the lowest educational group, in line with recent evidence from
the Moli-sani study where MD follows a marked socioeconomic
profile.15
However, we found an effect modification of geographical area for
the association of MD with its determinants, which suggests a
different contribution of some demographic and socioeconomic
factors in determining the adherence to the dietary pattern. Of
interest, older age resulted as a major determinant of MD in
Southern parts of the country, while it seemed to play no role in
the Northern regions. Such findings indicate that adherence to MD
seems to be strongly affected by socio-cultural background of Italian
individuals, in the southern regions as part of the population
cultural heritage and affordability of prices of the goods, while in
the northern regions as a health-conscious choice to which only the
richer part of the population has access.
Overall, we found that urban living is associated with closer
adherence to MD; however, this is true only in southern regions,
while an inverse association was found in the Northern area; other
studies have found that the urban environment was associated with
MD in adults8 just before the recession started (2005–06), while
others found that adolescents from urban areas were less likely to
adopt an MD,32 as well as elderly individuals from Mediterranean
islands.33
An optimal MD adherence clustered with other healthy
behaviours, such as being physically active, as already documented
also in non-Mediterranean settings,27,28 or with being former
smokers possibly because these subjects are more likely to make
positive decisions concerning their health;34 yet, also occasional
smokers were more likely to adopt an MD-style diet.
We failed to find an association of BMI with MD, in line with
previous data showing that MD is unrelated to BMI also in
Mediterranean populations.35,36
One major strength of this study is represented by the number of
indicators used to assess the psychosocial dimension and its rela-
tionship with diet.
Our results showed that a better self-reported health status is
positively associated with greater adherence to MD, in line with
previous findings.37,38 We also tested the association with adverse
life events, an indicator which has been poorly used to date in as-
sociation with diet, and with eating disorders.39 We found that
experiencing adverse life events was inversely associated with MD,
net of other possible determinants possibly influencing either dietary
behaviours or psychological status. More frequent family stress was
also inversely related to MD, in line with studies showing that stress
and emotions are closely associated with food intake, since subjects
experiencing stressful situations might try to make themselves feel
better by eating or drinking.40
Finally, sleep quality was not associated with MD, and this
appears in contrast with previous studies showing a positive rela-
tionship between quality of sleep or sleep duration with adherence to
MD.41,42
Among eating-related behaviours, consuming different amount of
alcohol in the week end as compared with week days was found
inversely associated with MD suggesting that drinking regularly
and in moderation is still a key feature of the Mediterranean popu-
lations. Also frequent use of vending machine is negatively
associated with MD and this is not surprising since vending
machines generally include unhealthy foods and soft drinks that
are not part of a Mediterranean way of eating. Skipping meals is a
predictor of poorer health outcomes,43 while the number of meals
eaten out of home is a potential determinant of increase of body
weight.16,44
No association between MD and meal patterns was found, with
the exception of consuming breakfast away from home, which was
associated with lower likelihood of adherence to MD.
Spending much time watching TV likely acts as a proxy of
sedentary behaviours and has been traditionally linked to
unhealthy dietary lifestyle; in our population adherence to MD
was likely to decline as time spent watching TV increased, in
accordance with previous evidence evaluating this association45;
similar trends were observed for time spent using PC.
Strengths and limitations of the study
This study has several strengths which include a large sample size
and the large number of covariates used to accommodate at least in
part confounding.
Table 4 Psychosocial factors associated with adherence to the MD
MedDietScore
% OR (95% CI) OR (95% CI)
Model 1 Model 2
Self-reported health status
Very good 16.4 –1– –1–
Good 67.8 1.58 (1.35–1.85) 1.63 (1.38–1.92)
Fair 14.7 1.55 (1.26–1.91) 1.61 (1.30–2.00)
Poor 0.5 0.26 (0.10–0.69) 0.28 (0.10–0.75)
Type of distress
Adverse life events
None 90.2 –1– –1–
At least one 9.8 0.54 (0.45–0.65) 0.55 (0.46–0.67)
Occupation-related
Never 2.3 –1– –1–
Sometimes/most of the times 48.9 0.86 (0.59–1.26) 0.95 (0.64–1.41)
Often/Always 6.1 0.85 (0.55–1.31) 0.85 (0.54–1.33)
Not working/unascertained 42.7 0.80 (0.55–1.17) 0.92 (0.61–1.37)
Family-related
Never 3.0 –1– –1–
Sometimes 55.9 0.75 (0.55–1.04) 0.83 (0.60–1.15)
Most of the times 37.5 0.79 (0.57–1.10) 0.82 (0.59–1.14)
Often/Always 3.4 0.44 (0.29–0.69) 0.44 (0.28–0.69)
Unascertained 0.2 0.29 (0.07–1.17) 0.31 (0.07–1.33)
Job control
None 6.7 –1– –1–
Moderate/Good 15.1 0.71 (0.54–0.92) 0.75 (0.58–0.99)
Fairy Good 10.2 0.90 (0.68–1.19) 0.92 (0.69–1.23)
Not working/unascertained 67.9 0.62 (0.49–0.78) 0.67 (0.53–0.86)
Financial circumstances-related
None 2.3 –1– –1–
Moderate 56.8 1.01 (0.69–1.49) 1.16 (0.79–1.71)
A lot 37.4 0.68 (0.46–1.00) 0.84 (0.57–1.24)
Not working/unascertained 3.5 0.53 (0.33–0.87) 0.63 (0.38–1.04)
Type of sleep
Restful 89.0 –1– –1–
Restless 8.9 1.01 (0.84–1.22) 1.02 (0.84–1.24)
Model 1 = ORs with 95% CIs obtained from a model adjusted for
age groups and sex.
Model 2 = as in model 1, further controlled for geographical area,
place of living, educational level, occupation, marital status,
smoking habit, sport activity, BMI, drugs for hypertension, use of
lipid-lowering medications.
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However, our findings should be interpreted in light of several
limitations. First, it is a telephone-based survey sharing all the limi-
tations inherent to this study type, including, among others, inter-
viewer bias and inability to use visual help. Yet, information was
collected by trained interviewers; moreover, each participant
received by mail a short photographs atlas and guidance notes to
estimate portion sizes.
A further weakness is the decreased use of land-lines that could
result in an under-representation of respondents (with younger and
middle-aged persons more likely to have mobile telephones only).
Second, the cross-sectional design imposes limitations for causal
inference; third, residual confounding by unmeasured factors (i.e.
other psychosocial factors) cannot be fully ruled out; fourth, data
(including anthropometric information) are self-reported; fifth,
actual variables used in this survey cannot allow to fully describe
the occupational/economic status of the participants, as only
education and type of occupation were collected (there are no in-
formation about the previous job of retired individuals or data on
income).
Finally, given the selected nature of study participants generaliz-
ability of the present findings should be made with caution.
Conclusions
To the best of our knowledge, this study represents the most
updated investigation on MD and its determinants at the national
Italian level.
Our findings confirm that an optimal adherence to MD is closely
associated with middle or older age, site of residence (Southern
Italy) and higher education level, in line with previous investigations
from Mediterranean settings. We also found that a number of psy-
chosocial factors are associated with MD, along with some meal
patterns and eating behaviours.
Diet quality is one of the most effective lifestyle in reducing
disease/mortality risk at population level1; with rates of adherence
being decreased over time, especially in Mediterranean countries6
public health policies are challenged to identify the most
vulnerable groups at higher risk of losing such protecting factor,
also to prevent new diet-related socioeconomic disparities.10
In light of the above, improving the understanding of main de-
terminants of MD adherence during the 21st century is of crucial
importance in order to develop effective public health strategies for
prevention of major chronic diseases, especially at a time of financial
crisis during which efforts and resources should be strategically
delivered.
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Key points
 A global shifting from the Mediterranean diet (MD) was
documented in the last decades especially in the
Mediterranean regions.
 Evidence on determinants of MD in Italy comes from
relatively small population cohorts.
 Socioeconomic and psychosocial factors are major deter-
minants of MD.
 The understanding of main determinants of MD is crucial
for developing effective public health strategies for
prevention of major chronic diseases.
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Abstract Background and aims: Fish consumption reportedly reduces the risk of heart disease,
but the evidence of cardiovascular advantages associated with fish intake within Mediterranean
cohorts is limited. The aim of this study was to test the association between fish intake and risk
of composite coronary heart disease (CHD) and stroke in a large population-based cohort
adhering to Mediterranean Diet.
Methods and results: Prospective analysis on 20,969 subjects free from cardiovascular disease at
baseline, enrolled in the Moli-sani study (2005e2010). Food intake was recorded by the Italian
version of the EPIC food frequency questionnaire. Hazard ratios were calculated by using multi-
variable Cox-proportional hazard models. During a median follow-up of 4.3 years, a total of 352
events occurred (n of CHD Z 287 and n of stroke Z 66). After adjustment for a large panel of
covariates, fish intake 4 times per week was associated with 40% reduced risk of composite
CHD and stroke (HR Z 0.60; 95%CI 0.40e0.90), and with 40% lower risk of CHD (HR Z 0.60;
95%CI 0.38e0.94) as compared with subjects in the lowest category of intake (<2 times/week).
A similar trend of protection was found for stroke risk although results were not significant
(HR Z 0.62; 95%CI 0.26e1.51). When fish types were considered, protection against the compos-
ite outcome and CHD was confined to fatty fish intake.
Conclusions: Fish intake was associated with reduced risk of composite fatal and non-fatal CHD
and stroke in a general Mediterranean population. The favourable association was likely to be
driven by fatty fish.
ª 2017 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
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Cardiovascular disease (CVD) accounts for 45% of all deaths
in Europe and increased life expectancy have determined a
growing number of people living longer with CVD [1].
In light of this, understanding the major lifestyle de-
terminants possibly associated with a reduction in CVD
incidence at population level is of crucial importance, and
among modifiable health-related behaviours, dietary
choices represent an important tool to favourably modu-
late the risk of CVD either in high-risk groups or within the
general population [2,3].
Beyond promoting a healthy dietary lifestyle overall,
dietary guidelines recommend eating fish at least two
times (two servings) a week [4], because of the well-
documented inverse association with risk of developing
CVD supported by several meta-analyses.
A meta-analysis of 17 cohort studies showed that both
low (1 serving/week) andmoderate fish consumption (2e4
servings/week) were inversely associated with coronary
heart disease (CHD) mortality while no additional benefits
were seen at higher intakes [5]. Advantages for cerebro-
vascular health were supported by findings from a meta-
analysis on 16 prospective studies [6] showing that even
infrequent intakes of fish (once a week) were capable to
reduce the risk of stroke and such data were further
confirmed in the following work by Chowdhury [7] in
which highest fish intake was inversely associated with
cerebrovascular risk as opposed to the lowest category of
consumption, and the doseeresponse analysis showed that
an increment of two servings a week of any fish was asso-
ciated with a 4% reduced risk of cerebrovascular disease.
In fish eating populations, the protective effects of fish
consumption were mainly observed in association with
high amounts either for stroke [8] or for CHD [9], whereas
in epidemiological settings with low habitual fish intake
substantial benefits were observed even from modest
amounts and mainly for fatal CVD events rather than
nonfatal [10].
Yet, poor evidence has been obtained on the association
of fish and CVD risk within Mediterranean population
settings. Available evidence dates back to men recruited in
the Italian segment of the Seven Countries Study [11] for
whom consumption of fatty compared with non-fatty-fish
resulted in lower CHD mortality, while more recently a
study on the Spanish segment of the EPIC cohort failed to
find any relationship between fish intake and stroke risk
[12].
The aim of the present study was then to examine the
relationship between fish consumption and risk of CHD
and stroke in a general Mediterranean population,
recruited in the Moli-sani study.
Methods
Study population
The Moli-sani study is a large population-based cohort
study that in 2005e2010 recruited 24,325 men and
women aged 35 years from the general population of the
Molise region, a central-southern area of Italy [13].
We excluded individuals with a history of CVD or
unascertained CVD at baseline (7.1%), those reporting
implausible energy intakes (<800 kcal/day in men and
500 kcal/day in women or >4000 kcal/day in men and
3500 kcal/day in women; 3.2%), subjects with missing in-
formation on dietary habits (0.4%), unreliable medical or
dietary questionnaires (1% and 3.9%, respectively), subjects
lost to follow-up (0.2%) or with incomplete personal data
(1.7%). The final sample was of 20,969 individuals.
The Moli-sani study complies with the Declaration of
Helsinki and was approved by the ethical committee of the
Catholic University in Rome, Italy. All participants provided
written informed consent.
Dietary information
Food intake during the year before enrolment was ascer-
tained by the validated Italian version of the EPIC food
frequency questionnaire [14] which includes 188 food
items, classified into 45 predefined food groups on the
basis of similar nutrient characteristics or culinary usage.
The EPIC questionnaire includes a specific question
about fish intake comprising frequency of consumption of
a number of fish types.
In the present analyses fish intake was evaluated either
by using fish sub-types or total fish intake.
Categories of fish were shellfish, shrimps and crusta-
ceous, dried fish (i.e. salted codfish), canned fish and other
fish not included in the previous categories (i.e. salmon,
swordfish, anchovies, etc.). Total fish came up as the sum
of the above-mentioned categories.
In addition, fish consumption was also divided ac-
cording to percentage of fat: fish containing up to 4% fat
was classified as lean (e.g. cod, plaice, sole, hake, molluscs
and crustaceous), whereas fish containing 4% fat was
classified as fatty (e.g. salmon, trout, herring, mackerel
and canned fish products). Both total fish and fish-types
were considered as intake on a weekly basis (times per
week). Regarding total fish intake, frequency was cate-
gorized as up to 2, 2e4 and 4 times per week, while fish
types were categorized as never, up to 1 time and 1
time per week.
Adherence to the Mediterranean diet was evaluated by
the Mediterranean Diet Score (MDS) [15] but, in order to
control analyses for dietary habits beside fish consump-
tion, it was deprived of fish intake.
Ascertainment of cases
Primary fatal and nonfatal incident cases of CHD (unstable
angina, myocardial infarction, coronary revascularization
and sudden death for unspecified cardiac event) and ce-
rebrovascular disease that occurred in the cohort during
follow-up were ascertained by linkage of the study cohort
to the hospital discharge files and to the regional ReNCaM
registry and death certificates (ISTAT form), by using the
International Classification of Diseases, ninth revision
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(ICD-9). For CHD, ICD 9 codes 410e414 and/or reperfusion
procedure (ICD-9 codes 36.0e36.9) and for cerebrovascu-
lar disease, ICD9 codes 430e432, 434, 436e438 or pro-
cedure codes for carotid revascularization (ICD 9 code
38.12) were considered.
Suspected CHD deaths were identified when ICD-9
codes 410e414 or 798 and 799 were reported as the un-
derlying cause of death or codes 250, 401e405, 420e429
as the underlying cause of death, associated with codes
410e414 as a secondary cause of death.
Suspected cerebrovascular deaths were identified when
ICD 9 codes 430e438 were reported as the underlying,
antecedent, or direct cause of death.
All events were validated using procedures of the AHA,
WHF, ESC, CDC and NHLBI for epidemiology and clinical
research studies [16].
Time to event was calculated until the date of diagnosis
of CVD, or the date of death, or the date of the last contact
prior to December 2011.
Statistics
Means with standard deviations (SDs) and percentages
were used to describe the characteristics of the study pop-
ulation across categories of totalfish intake. Associations for
continuous and categorical variables were evaluated by
using general linearmodels adjusted for age, sex and energy
intake (kcal/d) (PROC GENMOD and PROC GLM in SAS for
categorical and continuous variables, respectively).
Risk estimates for incident CHD and stroke associated
with total fish and fish-types intakes were expressed as
multivariable hazard ratios (HRs) with 95% confidence
intervals (95% CI) and calculated by using Cox propor-
tional hazards models. Tests for violation of the propor-
tional hazards assumption were conducted through the
introduction of linear interaction between weekly fish
intake (continuous) and the time variable (p Z 0.47).
Hazard ratios were calculated both for categories of fish
intake and as a continuous exposure (for 1-time per week
increment). Potential covariates were included in the
multivariable models when they resulted associated with
p < 0.20 with both fish intake and CVD risk. Three
multivariable models were fitted. Model 1 included age,
sex and energy intake; model 2 was additionally adjusted
for education, smoking, drugs for diabetes, drugs for hy-
pertension, drugs for lipids, and MDS without fish. Finally,
model 3 was additionally controlled for blood glucose,
LDL-cholesterol and low-grade inflammation as likely
mediating pathways of the association between fish
intake and the outcomes. A possible curvilinear associa-
tion between the continuous measure of fatty fish intake
(g/d) and CVD risk was tested via an adjusted Cox model
using a restricted cubic spline.
Dummies variables for missing values were created.
Two-sided P-value<0.05 was considered as statistically
significant. The data analysis was generated using SAS/
STAT software, Version 9.4 of the SAS System for Win-
dowsª2009. SAS Institute Inc. and SAS are registered
trademarks of SAS Institute Inc., Cary, NC, USA.
Results
Fish was consumed by almost all subjects of the cohort
(99.5%). Mean total fish intake in the study sample was of
44.6 g/d (SD Z 26.3), similar to the amount reported
within other high-fish consuming Countries, such as Spain
(4) and Japan (7). Mean frequency of fish intake was of 2.4
(SD Z 2.2) times per week.
Characteristics of the study population by weekly con-
sumption of total fish are reported in Table 1. Women,
younger people, and individuals with highest socioeco-
nomic status were more likely to consume fish more
frequently. Greater intake of fish was also associated with
higher prevalence of smoking, leisure-time physical ac-
tivity, use of drugs for diabetes, hypertension and lipid-
lowering medications, higher values of LDL-cholesterol
and lower levels of subclinical inflammation. Frequent
fish consumption was also associated with higher adher-
ence to a Mediterranean diet statistically deprived of fish,
and greater energy intake (Table 1).
Over a median follow up of 4.3 years (90,886 person-
years; lower to upper quartile: 3.4e5.3 y), we identified a
total of 352 new cardiovascular events including 287 CHD
and 66 strokes.
Risk estimates for total fish intake and the composite
outcome of CHD and stroke, CHD and stroke separately are
reported in Table 2. As compared to low fish intake (0e1.99
times/week), high consumption of fish (4 times/week)
was associated with 38% lower CVD risk (7%e58%; Model
2) and 9% lower risk for 1-time per week increment
(HR Z 0.91; 95%CI 0.83e0.99; Model 2). After exclusion of
CVD events occurred in the first 6 months of follow-up (n
of subjects Z 95; n of new CVD cases Z 51), the magni-
tude of the association of total fish with CHD and stroke
risk was not affected (HR Z 0.64; 95%CI 0.42e0.99 for the
highest vs lowest category of fish intake). Subgroup ana-
lyses for gender, age classes (65 y vs > 65 y), income and
education did not reveal any difference of effect across
groups (p values for interaction >0.05).
A comparable reduction was found for CHD risk
(HR Z 0.62; 95%CI 0.40e0.98; Table 2; Model 2) while
results for stroke showed a similar downward trend,
although statistical significance did not hold (HR Z 0.63;
95%CI 0.26e1.51; Table 2; Model 2).
In Model 3 the likely mediating effect of lipids, blood
glucose and low-grade inflammation was evaluated but
the results remained substantially unchanged (Table 2).
Analyses for fish types are reported in Table 3. Although
not statistically significant, protection from the composite
CHD/stroke was confined to canned fish and other fish
types (HR Z 0.85; 95%CI 0.61e1.19 and HR Z 0.83; 95%CI
0.55e1.24 for consumption  1 time per week vs no
intake). Consumption of dried fish showed a trend toward
increased CVD risk, although statistical significance was
not hold (HR Z 1.07; 95%CI 0.65e1.77). Similar results
were observed for CHD and stroke separately (Table 3).
Risks of composite CHD/stroke and of CHD were
reduced by 44% and 45% in association with fatty fish
intake 1 time per week (HRZ 0.56; 95%CI 0.36e0.87 and
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HR Z 0.55; 95%CI 0.34e0.89, respectively, Table 3),
whereas no effect was documented for any frequency of
lean fish intake.
A cubic spline was also generated for testing linear/
nonlinear association of continuous fatty fish intake (g/d)
with risk of composite CHD and stroke. We found a linear
inverse relationship between fatty fish consumption and
the risk for the composite outcome (p value for
overall association Z 0.025; p value for non-linear
association Z 0.99; Fig. 1).
Discussion
Findings from the present study show an inverse associa-
tion between fish intake and risk of composite CHD and
stroke in a large Mediterranean population-based cohort
of adult individuals apparently free from CVD at time of
recruitment. Results were also confirmed for incident CHD,
while risk of stroke exhibited a downward trend, though
not significant, likely due to the relatively low number of
events.
To the best of our knowledge, this is the first study
evaluating the association between fish intake and com-
posite cardiovascular endpoints in a general population
characterized by a relatively high adherence to the Medi-
terranean Diet, suggesting that higher fish consumption
offers an additive protection over the cardiovascular
benefit of the overall Mediterranean Diet.
Observational evidence on the CVD advantages deriving
from fish intake has provided convincing results in a
number of population settings with different fish con-
sumption. In fish eating populations, such as the Japanese
subjects recruited within the JPHC study with a median
fish intake of 78 g/d, the highest category of intake,
Table 1 Characteristics of the study population by intake of fish on a weekly basis in the Moli-sani cohort.
All Fish intake (times per week) P valuea
0e1.99 2e3.99 4
g/d of fish (Mean, SD) 44.6 (26.3) 23.0 (9.6) 50.7 (12.6) 92.5 (25.9) e
N (%) 20969 8576 (40.9) 9783 (46.6) 2610 (12.5) e
Age (year) 54.7 (11.5) 55.2 (11.8) 54.4 (11.3) 54.2 (11.1) <0.0001
Sex (men, %) 46.0 49.2 44.2 42.3 <0.0001
Income (EUR/year, %) <0.0001
<25,000 35.9 38.1 35.0 32.0
25,000e40,000 21.0 18.8 22.7 22.3
>40,000 12.5 10.7 13.7 14.0
Non-respondents 30.6 32.5 28.7 31.8
Education (%) <0.0001
Up to middle school 51.1 55.9 48.5 45.0
Secondary school 35.6 32.4 37.6 38.5
University or higher 13.2 11.6 13.8 16.5
BMI (%) 0.63
Normal (<25) 28.4 28.2 28.4 29.0
Overweight (25<30) 42.7 42.5 42.7 43.1
Obese (30) 28.9 29.3 28.9 27.9
Abdominal obesity (%) 72.9 73.7 72.2 72.8 0.62
Smokers (%) 23.5 23.5 23.3 24.3 0.0022
Leisure-time PA (met-h/day) 3.5 (4.0) 3.4 (4.0) 3.6 (3.9) 4.0 (3.9) <0.0001
Drug for diabetes (%) 4.1 4.0 4.1 4.4 0.025
Systolic BP (mmHg) 140.0 (20.4) 140.4 (20.5) 140.1 (20.4) 140.2 (20.4) 0.69
Diastolic BP (mmHg) 82.4 (9.6) 82.4 (9.5) 82.6 (9.6) 82.6 (9.7) 0.24
Drugs for hypertension (%) 24.8 24.9 24.6 25.4 0.016
Drugs for lipids (%) 5.5 5.1 5.7 6.2 0.0003
Cancer (%) 3.1 3.2 2.9 3.5 0.37
Aspirin use (%) 2.2 2.4 2.1 1.7 0.43
C-reactive protein (mg/L) 2.52 (3.17) 2.51 (3.18) 2.51 (3.18) 2.49 (3.07) 0.94
Low-grade inflammationb 0.17 (5.9) 0.07 (5.9) 0.25 (5.9) 0.38 (5.9) 0.030
Total cholesterol (mg/dl) 214 (41) 213 (42) 214 (41) 215 (42) 0.15
HDL-cholesterol 57.8 (14.8) 57.3 (14.9) 57.3 (14.8) 57.6 (14.7) 0.69
LDL-cholesterol 131 (34) 130 (35) 131 (34) 132 (35) 0.027
Triglycerides (mg/dl) 129 (85) 131 (87) 130 (83) 128 (85) 0.43
Blood glucose (mg/dl) 100 (24) 100 (23) 101 (24) 101 (24) 0.061
Insulin (pmol/l) 59.3 (41.0) 59.0 (41.6) 60.0 (42.0) 59.8 (35.1) 0.21
Mediterranean diet scorea 3.9 (1.5) 3.8 (1.5) 3.9 (1.5) 4.1 (1.5) <0.0001
Energy intake (Kcal/day; means, SD) 2088 (573) 2022 (571) 2119 (568) 2193 (577) <0.0001
Values for age, leisure-time physical activity (PA), systolic and diastolic blood pressure (BP), C-reactive protein, low-grade inflammation, blood
lipids, blood glucose, insulin, Mediterranean diet score and energy intake are presented as means and standard deviation; means and p values are
adjusted for age, sex and energy intake.
a Low-grade inflammation was assessed by the INFLA-score.
b A Mediterranean diet score deprived of fish intake.
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Table 2 Incidence and Hazard Ratios for fatal and non-fatal CHD and stroke according to weekly consumption of fish.
Fish intake (times/week) 1 time per week increment
0e1.99 2e3.99 4
g/d (Means, SD) 23.0 (9.6) 50.7 (12.6) 92.5 (25.9) e
N of subjects, % 8576 (40.9) 9783 (46.6) 2610 (12.5) e
Composite CHD/stroke (n Z 352) P for trend
N of events (rate) 174 (2.0) 149 (1.5) 29 (1.1) e
Person-years 36,470 42,757 11,659 e
Model 1 (HR, 95%CI) e1e 0.82 (0.66e1.02) 0.62 (0.42e0.92) 0.0080 0.91 (0.84e0.99)
Model 2 (HR, 95%CI) e1e 0.81 (0.65e1.02) 0.62 (0.42e0.93) 0.0084 0.91 (0.83e0.99)
Model 3 (HR, 95%CI) e1e 0.81 (0.65e1.01) 0.60 (0.40e0.90) 0.0055 0.90 (0.83e0.98)
CHD (n Z 287) P for trend
N of events (rate) 140 (1.6) 124 (1.3) 23 (0.9) e
Person-years 36,518 42,795 11,665 e
Model 1 (HR, 95%CI) e1e 0.85 (0.67e1.09) 0.62 (0.40e0.97) 0.028 0.91 (0.83e1.00)
Model 2 (HR, 95%CI) e1e 0.85 (0.67e1.09) 0.62 (0.40e0.98) 0.029 0.91 (0.83e1.00)
Model 3 (HR, 95%CI) e1e 0.85 (0.66e1.09) 0.60 (0.38e0.94) 0.020 0.90 (0.82e0.99)
Stroke (n Z 66) P for trend
N of events (rate) 34 (0.4) 26 (0.3) 6 (0.2) e
Person-years 36,715 43,021 11,696 e
Model 1 (HR, 95%CI) e1e 0.71 (0.42e1.19) 0.63 (0.26e1.50) 0.15 0.91 (0.75e1.11)
Model 2 (HR, 95%CI) e1e 0.70 (0.42e1.18) 0.63 (0.26e1.51) 0.15 0.91 (0.74e1.11)
Model 3 (HR, 95%CI) e1e 0.70 (0.42e1.18) 0.62 (0.26e1.51) 0.15 0.91 (0.74e1.11)
Model 1 adjusted for age, sex and energy intake. Model 2: as in model 1 further adjusted for education, smoking, drugs for diabetes, drugs for
hypertension, drugs for lipids, MDS without fish. Model 3: as in model 2 further adjusted for blood glucose, LDL-cholesterol and low-grade
inflammation.





Composite CHD/stroke CHD Stroke
N of events/
subjects
HR (95%CI) N of events/
subjects
HR (95%CI) N of events/
subjects
HR (95%CI)
Shellfish, shrimps and crustaceous
None 12.1 0.0 55/2539 e1e 45/2539 e1e 11/2539 e1e
<1 55.8 6.8 (4.5) 200/11699 0.99 (0.72e1.36) 162/11699 0.93 (0.66e1.33) 38/11699 1.13 (0.55e2.30)
1 32.1 21.8 (9.8) 97/6731 1.02 (0.72e1.45) 80/6731 0.95 (0.65e1.41) 17/6731 1.19 (0.53e2.68)
Dried fish
None 11.3 0.0 28/2366 e1e 24/2366 e1e 4/2366 e1e
<1 80.2 5.4 (4.3) 287/16816 1.03 (0.69e1.53) 235/16816 0.97 (0.63e1.49) 53/16816 1.44 (0.51e4.06)
1 8.5 25.7 (10.6) 37/1787 1.07 (0.65e1.77) 28/1787 0.95 (0.55e1.67) 9/1787 1.82 (0.55e6.05)
Canned fish
None 12.3 0.0 56/2582 e1e 42/2582 e1e 14/2582 e1e
<1 54.9 4.5 (2.3) 203/11516 0.93 (0.69e1.25) 170/11516 1.03 (0.73e1.45) 33/11516 0.65 (0.34e1.22)
1 32.8 14.5 (6.9) 93/6871 0.85 (0.61e1.19) 75/6871 0.91 (0.62e1.33) 19/6871 0.76 (0.38e1.54)
Other fish
None 8.6 0.0 31/1801 e1e 25/1801 e1e 6/1801 e1e
<1 42.2 10.6 (6.0) 171/8757 1.09 (0.73e1.62) 136/8757 1.06 (0.68e1.65) 36/8757 1.30 (0.53e3.20)
1 49.2 31.6 (16.4) 150/10311 0.83 (0.55e1.24) 126/10311 0.88 (0.56e1.37) 24/10311 0.67 (0.26e1.70)
Lean fish
None 3.6 0.0 14/745 e1e 10/745 e1e 4/745 e1e
<1 50.1 10.3 (5.1) 196/10511 1.38 (0.78e2.45) 163/10511 1.58 (0.81e3.08) 34/10511 0.92 (0.30e2.77)
1 46.3 30.9 (14.3) 142/9713 1.25 (0.70e2.23) 114/9713 1.38 (0.70e2.71) 28/9713 0.91 (0.30e2.75)
Fatty fish
None 4.1 0.0 27/873 e1e 22/873 e1e 5/873 e1e
<1 52.9 8.9 (4.8) 204/11086 0.66 (0.43e1.01) 164/11086 0.62 (0.39e0.99) 40/11086 0.97 (0.36e2.60)
1 43.0 24.2 (11.1) 121/9010 0.56 (0.36e0.87) 101/9010 0.55 (0.34e0.89) 21/9010 0.69 (0.24e1.94)
Mean daily intake is expressed as means, SD. Hazard ratio obtained from the model adjusted for age, sex, energy intake, education, smoking,
drugs for diabetes, drugs for hypertension, drugs for lipids, MDS without fish, blood glucose, LDL-cholesterol and low-grade inflammation. For
analysis with fish types, hazard ratios were obtained from the model including all fish types simultaneously. Hazard ratios for lean and fatty fish
intake were obtained from the model including both types simultaneously and further controlled for dried fish and other types of fish not
included in lean/fatty types.
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corresponding to 8 times/week, was associated with
reduced risk of coronary heart disease, primarily nonfatal
cardiac events, as compared with those having fish 1 time
per week, while no benefits were documented at lower
intakes [9].
Cardiovascular benefits were observed also in the JACC
study, in which a protection from cardiovascular death
associated with greater fish intake was found [17], in
agreement with previous findings on middle-aged Chinese
men reporting lower risk of fatal acute myocardial infarc-
tion [18].
The positive association between fish intake and CVD
outcomes has been documented also in low fish-
consuming populations; the MORGEN study in the
Netherlands showed that fish intake was likely to lower
the risk of fatal CHD and myocardial infarction in a dose-
responsive manner also in populations with a low habitual
fish consumption, with protection from fatal CHD being
evident even at modest intakes [10]. Similarly, in the
Zutphen study at least one portion of fish per week was
found to be associated with a reduced stroke incidence
[19]. Data from US showed a reduced risk of ischaemic
stroke in men at very low intakes (one per month or more)
[20] and similar findings were observed in US women [21],
although the Women’s Health Study failed to find any
association with risk of CVD [22].
Omega-3 fatty acids (eicosapentaenoic, EPA, and doco-
sahexaenoic, DHA, acids) have been identified as the likely
active constituents of fish and have numerous health
benefits, such as pleiotropic protective cardiovascular ef-
fects, including lowering blood pressure, modulating
serum lipids, improving diabetes and insulin resistance,
reducing arrhythmia, suppressing platelet aggregation,
improving endothelial function, and inhibiting inflamma-
tion [23,24]. However, advantages associated with omega-
3 fatty acids were mainly observed for high amounts, often
not within the range of dietary intake of fish [7].
We also evaluated the association of a number of fish
sub-types with incident CVD. No single fish type resulted
associated with reduced CVD risk, although a trend toward
an increased risk was found associated with greater con-
sumption of dried fish: the latter is usually high in salt
content, a major risk factor for CVD and in particular for
stroke [25].
However, when distinction was made on the basis of fat
content, higher intake of fatty fish only was found to be
related to reduce incidence of the composite outcome and
of CHD events. This finding is in line with prior observa-
tions on a Dutch population showing a lower sudden
coronary death risk possibly associated with long-term
fatty-fish consumption [26]. Within Italian men recruited
in the Seven Countries study risk of CHD mortality too
resulted lowered by consumption of fatty fish but not of
lean fish [11].
The heart advantages associated with consumption of
fatty fish are likely linked to beneficial effects on a number
of CVD risk factors, such as triglycerides lowering and
improvement of HDL-cholesterol levels, as shown by
intervention trials [27,28].
In our cohort, high intake of fish was not associated at
baseline with better cardiovascular health profile. Indeed,
individuals consuming greater amounts of fish had
Figure 1 Risk of composite CHD and stroke associated with fatty fish intake (g/d) within the population of the Moli-sani study (nZ 20,969). Hazard
ratios (95% confidence interval) were adjusted for age, sex, energy intake, education, smoking, drugs for diabetes, drugs for hypertension, drugs for
lipids, Mediterranean diet score without fish, blood glucose, LDL-cholesterol, low-grade inflammation, lean fish (g/d), dried fish (g/d) and other types
of fish (g/d) not included in lean/fatty types.
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metabolic biomarker levels comparable to those in the
lowest group of intake. Lipids, blood glucose levels and
low-grade inflammation did not appear to be on the
pathway of the association between fish intake and CVD
risk, possibly because the high fish consumers had higher
prevalence of the use of drugs for diabetes, hypertension
and lipid-lowering medications. This may be possibly due
at least in part to reverse causation with groups at high
cardiovascular risk likely having shifted their diet, if not
fish-dislike, by including more fish intake. The exclusion of
subjects with prior CVD events is likely to limit such po-
tential source of bias.
Further studies are needed to clarify the possible
mechanisms underlying the relationship of fish intake
with health outcomes by addressing a number of path-
ways possibly including both traditional and emerging
CVD risk factors, such as low-grade inflammation.
Strengths and limitations of the study
Major strengths of this study include a large community-
based cohort, its prospective design, detailed information
of dietary intake, and the considerable number of cova-
riates, thus minimising sources of bias and confounding. It
also shows, possibly for the first time, that high fish con-
sumption is associated with a significant cardiovascular
benefit in people already adhering to the Mediterranean
Diet.
This study also presents several limitations. First, in-
formation on dietary intake was self-reported and can lead
to under- or overestimates. Another limitation is repre-
sented by the relatively short follow-up duration and a
consequent small number of incident CVD events. The
observational nature of the study cannot allow to fully rule
out residual confounding or confounding by unmeasured
factors. Finally, subjects’ information was collected at
baseline only, thus life-course changes possibly occurred
during the follow-up may have influenced the strength of
our findings.
Data used in the present study have been collected in a
region located between Central and Southern Italy, Medi-
terranean by tradition and culture but also representative
of the general Italian population, thus caution is needed in
extending the results to other contexts.
Conclusions
The favourable health benefits associated with fish intake
are extensively documented in different epidemiological
settings, especially in relation to CHD mortality risk
reduction, and a dominant role of fatty fish over lean types
clearly emerged in many studies. Our findings showed an
inverse association of high fish intake with incidence of
CVD, and confirmed a predominant role of fatty over lean
fish. Few studies however had previously specifically
addressed the relationship between fish intake and inci-
dence of CVD in Mediterranean populations. To the best of
our knowledge, this is one of the few studies examining
longitudinally the association of total fish and fish types
intake with risk of developing CVD in a general population,
already exposed to the heart advantages associated with
adherence to a Mediterranean dietary pattern.
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ABSTRACT
BACKGROUND Chili pepper is a usual part of a traditional Mediterranean diet. Yet epidemiological data on the
association between chili pepper intake and mortality risk are scarce, with a lack of studies from Mediterranean
populations.
OBJECTIVES This study sought to examine the association between chili pepper consumption and risk of death in a
large sample of the adult Italian general population, and to account for biological mediators of the association.
METHODS Longitudinal analysis was performed on 22,811 men and women enrolled in the Moli-sani Study cohort
(2005 to 2010). Chili pepper intake was estimated by the EPIC (European Prospective Investigation Into Cancer) Food
Frequency Questionnaire and categorized as none/rare consumption, up to 2 times/week, >2 to #4 times/week, and >4
times/week.
RESULTS Over a median follow-up of 8.2 years, a total of 1,236 deaths were ascertained. Multivariable hazard ratios
(HRs) for all-cause and cardiovascular disease (CVD) mortality among participants in the regular (>4 times/week) relative
to none/rare intake were 0.77 (95% confidence interval [CI]: 0.66 to 0.90) and 0.66 (95% CI: 0.50 to 0.86), respec-
tively. Regular intake was also inversely associated with ischemic heart disease (HR: 0.56; 95% CI: 0.35 to 0.87) and
cerebrovascular (HR: 0.39; 95% CI: 0.20 to 0.75) death risks. The association of chili pepper consumption with total
mortality appeared to be stronger in hypertension-free individuals (p for interaction ¼ 0.021). Among known biomarkers
of CVD, only serum vitamin D marginally accounted for such associations.
CONCLUSIONS In a large adult Mediterranean population, regular consumption of chili pepper is associated
with a lower risk of total and CVD death independent of CVD risk factors or adherence to a Mediterranean diet.
Known biomarkers of CVD risk only marginally mediate the association of chili pepper intake with mortality.
(J Am Coll Cardiol 2019;74:3139–49) © 2019 by the American College of Cardiology Foundation.
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S pices have long been an essential partof the traditional Mediterranean diet(MD), and are placed, along with
herbs, at the base of the MD pyramid both
for their nutritional properties and as a valu-
able substitute for salt (1–3). Chili peppers,
belonging to the genus Capsicum, are native
to Central and Southern America, but are
largely present in different cultures’ diets
worldwide (4), and are used to flavor tradi-
tional dishes from the southern Italian
regions.
Health benefits of chili peppers have been
ascribed to capsaicin, its major pungent
compound, which has been observed to
favorably improve cardiovascular function
and metabolic regulation in experimental
and population studies (5). In addition to its
anti-inflammatory and analgesic properties
and atheroprotective effects (4), capsaicin
reportedly induces apoptosis of the tumor cells (6);
high concentrations, however, likely evoke delete-
rious effects (7).
Studies in humans concluded that chili pepper
intake facilitates weight loss through activation of
different receptors and improved control of insulin
(8). Evidence from a large epidemiological study ap-
pears to corroborate the weight-loss properties of
chili peppers by showing inverse associations with
incidence of overweight/obesity (9).
More recently, animal studies uncovered an inter-
action between dietary capsaicin and gut microbiota
as a novel mechanism for the antiobesity effect of
capsaicin acting through prevention of microbial
dysbiosis, gut barrier dysfunction, and chronic low-
grade inflammation (10). To date, epidemiological
evidence longitudinally addressing the association of
chili pepper intake on disease/mortality risk is scarce.
With the exception of 2 population studies from
China (11) and the United States (12), both showing
lower mortality risk associated with regular chili
pepper intake, no epidemiological investigation on
the potential health benefits associated with con-
sumption of chili pepper is currently available from
European cohorts or from Mediterranean areas. In
addition, none of the aforementioned studies has
addressed possible biological mechanisms through
which regular chili pepper intake may provide the
observed health advantages.
The primary aim of this study was to prospectively
estimate the association of chili pepper consumption
with total and cause-specific mortality in a large
Mediterranean population of adult men and women;
as a secondary purpose, we examined some biological
mechanisms that could be on the pathway between
chili pepper intake and mortality by analyzing the
possible contribution of established biomarkers of
cardiovascular risk. Finally, we assessed whether in-
clusion of chili pepper was able to improve risk pre-
diction associated with a traditional Mediterranean
Diet Score (MDS).
METHODS
STUDY POPULATION. We used data from the Moli-
sani Study, a prospective cohort study established in
2005 to 2010 with an enrollment of 24,325 men and
women ($35 years of age) randomly recruited from
the general population of Molise, a southern Medi-
terranean region in Italy, with the main purpose of
investigating genetic and environmental risk factors
of cardiovascular, cerebrovascular, and tumor dis-
eases. Details of the Moli-sani Study have been pre-
viously described (13).
Participants reporting implausible energy intakes
(<800 kcal/day in men and <500 kcal/day in women
or >4,000 kcal/day in men and >3,500 kcal/day in
women; 3.2%) were excluded, as well as individuals
with unreliable medical/dietary questionnaires (1%
and 3.9%, respectively), individuals with missing in-
formation on main covariates (0.3%), exposure
(0.4%), and cause-specific mortality (0.2%), and 23
participants (0.1%) lost to follow-up. The final sample
consisted of 22,811 subjects.
The cohort was followed up for mortality until
December 31, 2015. Overall and cause-specific mor-
tality was assessed by the Italian mortality registry
(ReNCaM registry), validated by Italian death certifi-
cates (ISTAT form) and coded according to the Inter-
national Classification of Diseases-9th Revision
(ICD-9).
Cardiovascular disease (CVD) mortality included
deaths from diseases of the circulatory system, when
the underlying cause of death included ICD-9 codes
390 to 459. ICD-9 codes 430 to 438 were used to
define specific cause of death for cerebrovascular
disease, and ICD-9 codes 410 to 414 and 429 for
ischemic heart disease (IHD). Cancer death was
considered when the underlying cause of death
included ICD-9 codes 140 to 208.
Noncardiovascular/noncancer causes of death
were included in the “other-cause mortality” group.
The Moli-sani Study complies with the Declaration of
Helsinki and was approved by the ethical committee
of the Catholic University Medical School in Rome, Italy.
All participants provided written informed consent.
SEE PAGE 3150
ABBR EV I A T I ON S
AND ACRONYMS
BMI = body mass index
CI = confidence interval
CRP = C-reactive protein
CV = coefficient of variability
CVD = cardiovascular disease
HDL = high-density lipoprotein




IHD = ischemic heart disease
MD = Mediterranean diet
MDS = Mediterranean Diet
Score
NRI = Net Reclassification
Index
NT-proBNP = N-terminal pro–
B-type natriuretic peptide
PA = physical activity
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COVARIATE ASSESSMENT. History of cardiovascular
disease (angina, myocardial infarction, revascularization
procedures, peripheral artery diseases, and cerebro-
vascular events) was self-reported and confirmed by
medical records and therapy. History of cancer was
self-reported and confirmed by medical records. Hy-
pertension, hyperlipidemia, and diabetes were
defined by use of pharmacological treatment.
Leisure-time physical activity (PA) was expressed
as daily energy expenditure in metabolic equivalent
task-hours/day for sport, walking, and gardening.
Height and weight were measured, and body mass
index (BMI) was calculated as kg/m2 and then
grouped into 3 categories as normal (#25), overweight
(>25 to <30), or obese ($30).
Subjects were classified as never-smokers, current
smokers, or ex-smokers (quit at least 1 year ago).
Education was based on the highest qualification
attained and was categorized as up to lower second-
ary (approximately #8 years of study), upper sec-
ondary school (>8 to #13 years), and postsecondary
education (>13 years).
Occupational social class was based on the Regis-
trar General’s occupation-based classification scheme
and ranked as previously described within the Moli-
sani population (14), and categorized as profes-
sional/managerial, skilled nonmanual occupations,
skilled manual occupations, partly skilled occupa-
tions, and unskilled, retired/housewife, unemployed/
unclassified subjects.
DIETARY ASSESSMENT. Food intake during the year
before enrollment was assessed by the EPIC (Euro-
pean Prospective Investigation Into Cancer) Food
Frequency Questionnaire validated and adapted to
the Italian population (15). Frequency of chili pepper
intake was estimated through the question: “How
often do you consume foods containing chili pepper,”
with possible answers being “never or almost never,”
“occasionally,” “often,” and “very often.”
Chili pepper was then categorized as consumption
on a weekly basis that is never/rare intake, up to 2
times/week, >2 to #4 times/week, and >4 times/
week. Other herbs and spices including garlic, pars-
ley, and black pepper were categorized as yes/no.
Adherence to the traditional MD was assessed
through the MDS developed by Trichopoulou et al.
(16), and was obtained by assigning 1 point to healthy
foods (fruits and nuts, vegetables, legumes, fish, ce-
reals, monounsaturated-to-saturated fats ratio)
whose consumption was above the sex-specific me-
dians of intake of the Moli-sani Study population, free
from CVD, cancer, and diabetes; foods presumed to be
detrimental (meat and dairy products) were scored
positively if their consumption was below the me-
dian. All other intakes received 0 points. For ethanol,
men who consumed 10 to 50 g/day and women who
consumed 5 to 25 g/day received 1 point; otherwise,
the score was 0. The MDS ranged from 0 to 9 (the
latter reflecting maximal adherence). The vegetable
food group included in the MDS did not include sweet
peppers; the latter were used as a covariate in sur-
vival analysis and also independently tested as pre-
dictors of mortality.
Food antioxidant content was appraised by a score
determining the content in antioxidant vitamins and
phytochemicals of each food group, and ranged
from 99 to 99, with higher values indicating
increased consumption of foods rich in antioxidants
(17). The polyphenol content of diet was measured by
a polyphenol antioxidant content score calculated as
in Pounis et al. (18).
Variety of fruit and/or vegetable intake was
assessed by 4 different (fruit, vegetables, vegetable
subgroups, and fruit/vegetables combined) Diet Di-
versity Scores, following similar approaches tested
within EPIC cohorts (19). Diversity was intended as
the total number of individual vegetable/fruit prod-
ucts eaten at least once in 2 weeks.
BIOMARKERS OF CVD RISK. Antecubital venous
blood samples were obtained from participants who
had fasted overnight and had refrained from smoking
for at least 6 h. Serum lipids (total cholesterol, high-
density lipoprotein [HDL]-cholesterol, triglycerides)
and blood glucose were assayed by enzymatic reac-
tion methods using an automatic analyzer (ILab 350;
Instrumentation Laboratory, Milan, Italy).
Quality control for lipids and glucose was obtained
by a commercial standard (Ser 1 and Ser 2) provided
by Instrumentation Laboratory and an in-house
serum standard pool. The coefficients of variability
(CVs) were respectively 4.9%, 5.2%, and 4% for blood
cholesterol; 3.2%, 3%, and 4.5% for HDL-cholesterol;
5.2%, 5.3%, and 5% for triglycerides; and 4.7%,
4.1%, and 3.9 for blood glucose.
High-sensitivity C-reactive protein (CRP) was
measured in fresh serum samples by a particle-
enhanced immunoturbidimetric assay (ILab 350).
Quality control for CRP was maintained using an in-
house serum pool and internal laboratory standard
at 1.5 mg/l; interday CVs for CRP were 5.5% and 4.2%,
respectively. Hemochromocytometric analysis was
performed by cell count (Coulter HMX; Beckman
Coulter, Milan, Italy) within 3 h from blood collection.
Quality control was performed by using 3
different levels of standards Abn (abnormal) I, Abn II,
and Normal (Coulter HMX). The CV for white blood
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cells was 6.2%, 3.3%, and 3.0% for Abn I, Abn II,
and Normal, respectively. N-terminal pro–B-type
natriuretic peptide (NT-proBNP), high-sensitivity
troponin I (hsTnI), apolipoprotein A1 (ApoA), apoli-
poprotein B100 (ApoB100), lipoprotein a [Lp(a)],
markers of renal function (cystatin C, creatinine),
insulin, C-peptide, and serum vitamin D were
measured in the framework of the collaborative Bio-
marCaRE (Biomarker for Cardiovascular Risk Assess-
ment across Europe) project (20).
STATISTICAL ANALYSIS. Baseline characteristics of
the participants by categories of chili pepper intake
were summarized and compared by using analysis of
variance adjusted for age, sex, and energy intake
(GENMOD procedure for categorical variables
and GLM procedure for continuous variables in
SAS software, version 9.4 [SAS Institute, Cary, North
Carolina]) (Table 1).
Risk estimates for mortality were expressed as
hazard ratios (HRs) with 95% confidence interval (CI)
and calculated by using Cox regression models with
time-on-study on the time scale and competing risk of
dying for other causes. Multivariable-adjusted HRs
were calculated across 4 categories of intake (none/
rare consumption—referent category, up to 2 times/
week, >2 to #4 times/week, and >4 times/week) as
well as considering consumers as opposed to
nonconsumers.
Based on previous published reports and biological
plausibility, 2 multivariable models were fitted: the
first (model 1) was adjusted for age (continuous), sex,
and energy intake (kcal/day; continuous); the second
(model 2) as in model 1 and further controlled for
educational level, occupational social class, smoking,
leisure-time PA, treatment for diabetes, medication
for hypertension, lipid-lowering drugs, history of
CVD or cancer at baseline, MDS (continuous), and
sweet pepper intake (g/day, ordered quartiles), garlic,
parsley, and black pepper (yes/no).
Several panels of biomarkers were tested as
possibly mediating the association of chili pepper
intake with mortality risk. In addition to cardiac
troponin (hsTnI) and NT-proBNP, we tested bio-
markers of renal function (cystatin C, creatinine),
glucose metabolism (blood glucose, insulin, C-pep-
tide), lipid metabolism (total blood cholesterol, HDL-
cholesterol, triglycerides, Lp(a), apoA1, and apoB100),
serum vitamin D, inflammatory markers (CRP and
white blood cells), and a panel including systolic and
diastolic blood pressure and BMI.
The multivariable model 2 served as the reference
for the mediation analysis used to quantify the
contribution of each set of potential mediators, which
were alternately included into model 2. For the
mediation analysis, the %MEDIATE macro in SAS (21)
was used, which calculates the point and interval
TABLE 1 Baseline Characteristics of the Study Population by Intake of Chili Pepper in the Moli-sani Study Cohort (N ¼ 22,811)
Chili Pepper Intake (Times/Week)
None/Rare
(n ¼ 7,689, 33.7%)
Up to 2
(n ¼ 4,360, 19.1%)
>2 to #4
(n ¼ 5,216, 22.9%)
>4
(n ¼ 5,546, 24.3%) p Value
Times/week 0.0 0.8 � 0.4 2.8 � 0.6 7.0 � 3.8 —
Age, yrs 55 � 13 54 � 11 55 � 11 56 � 11 <0.0001
Male 34.6 50.7 52.5 58.8 <0.0001
Post-secondary education 11.5 14.1 13.4 13.5 <0.0001
Professional/managerial workers 18.7 21.3 21.8 21.6 <0.0001
Smokers 18.6 22.0 24.8 28.1 0.0022
Leisure-time PA, MET-h/day 3.4 � 3.8 3.3 � 3.7 3.7 � 4.0 3.7 � 4.4 <0.0001
Drugs for diabetes 4.3 4.6 4.9 5.5 0.015
Drugs for hypertension 27.3 25.8 27.0 28.8 0.016
Lipid-lowering drugs 7.4 7.0 7.7 8.5 0.0011
Cardiovascular disease 4.8 5.2 4.8 6.0 0.010
Cancer 3.9 3.0 3.1 2.6 0.0090
Mediterranean Diet Score* 4.2 � 1.6 4.3 � 1.6 4.4 � 1.6 4.8 � 1.6 <0.0001
Sweet pepper intake, g/day 2.7 � 3.2 2.8 � 2.9 3.2 � 3.3 3.7 � 3.9 <0.0001
Black pepper† 11.0 19.3 25.0 26.0 <0.0001
Garlic† 82.6 85.0 89.3 92.4 <0.0001
Parsley† 91.7 95.1 95.6 96.7 <0.0001
Values are mean � SD or %, unless otherwise indicated. Means and p values are adjusted for age, sex, and energy intake (Kcal/day). *Not including sweet pepper intake. †Black
pepper, garlic, and parsley consumption was reported as prevalence of consumers.
MET ¼ metabolic equivalent of task; PA ¼ physical activity.
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estimates of the percent of exposure effect explained
by 1 or more intermediate variables, with 95% CI and
p values. Biomarkers were entered into the mediation
analysis as ordered quintiles.
Subgroup analyses were performed within a
healthy sample (individuals without CVD or cancer
and who were not using drugs for diabetes at base-
line) and excluding early deaths (follow-up >2 years).
We tested the interaction between chili pepper and a
large panel of potential effect modifiers by intro-
ducing in a Cox analysis a product term of chili pepper
intake (yes vs. no) � a given effect modifier (2 categories,
with the exception of adherence to MD, 3 categories).
Consumption of chili pepper (none/rare intake ¼ 0
points; regular intake ¼ 1 point) was included as an
additional component into the original MDS, thus
originating an MDS “supplemented” with chilies,
ranging from 0 to 10; to allow comparison among
scores, they were entered into risk analyses scaled by
their standard deviation.
The area under the receiver-operating curve sta-
tistic, the categorical net reclassification index (NRI)
and the integrated discrimination improvement (22)
were used to quantify the predictive value of the MDS
“supplemented” with chilies over the traditional
MDS. To estimate these metrics, the follow-up time
was censored at 10 years. The risk categories chosen
for NRI calculation were <5% and $5%. Observed
mortality rates over time were showed as curves ob-
tained by using the LIFETEST procedure in SAS.
Dummy variables for missing values were created.
Positively skewed variables were log transformed
before analysis. Subgroup and interaction analyses
were run by excluding missing categories. The data
analysis was generated using SAS/STAT software,
Version 9.4 of the SAS System for Windows 2009.
RESULTS
Regular consumption (>4 times/week) of chili pepper
was reported by 24.3% of the study participants,
whereas 33.7% declared none/rare intake (Table 1).
Regular consumers were more likely to be men,
slightly older, to report higher educational level and
occupation, and showed higher prevalence of risk
factors (diabetes, hypertension, hyperlipidemia, and
history of CVD), but greater leisure-time PA (Table 1).
Higher consumption of chili pepper was also associ-
ated with closer adherence to MD, higher intake of
other spices (Table 1), and a global higher diet quality
as measured by dietary polyphenol and antioxidant
content (Online Table 1). Regular consumers also
tended to have higher levels of blood lipids and blood
glucose, and higher BMI, and slightly higher blood
leukocyte counts, whereas no substantial differences
were observed for CRP (Online Table 2). NT-proBNP
levels were lower in regular consumers, whereas
troponin I and serum vitamin D were more likely
associated with higher chili intake.
Over a median follow-up of 8.2 years (interquartile
range: 7.3 to 9.3 years; 187,584 person years), a total
of 1,236 deaths were ascertained (CVD ¼ 444, IHD/
cerebrovascular ¼ 258, cancer ¼ 482, and 310 from
other causes). In a model adjusted only for age, sex,
and energy intake, regular consumption (>4 times/
week) of chili pepper was associated with 23%
(95% CI: 10% to 34%) lower risk of all-cause mortality,
as opposed to none/rare intake, and results remained
substantially unchanged in the fully adjusted model
(Table 2).
In comparison with individuals reporting none/
rare intake, regular consumers experienced 34% (14%
to 50%) lower risk of CVD mortality, whereas multi-
variable HRs for IHD and cerebrovascular death were
0.56 (95% CI: 0.35 to 0.87) and 0.39 (95% CI: 0.20 to
0.75), respectively (Table 2).
For all mortality outcomes under study, we failed
to find a clear stepwise dose–response relation with
chili pepper, indicating that the actual advantage in
terms of survival improvement is likely attributable
to the fact of consuming chilies rather than not
consuming them (Table 2). Observed mortality rates
and multivariable Kaplan-Meier estimates for con-
sumers versus none/rare consumers are well-
separated (Central Illustration).
Cancer mortality risk was slightly, though not
significantly, affected by chili pepper consumption,
although a downward trend was observed (Table 2).
Finally, consumption of chili pepper was inversely
associated with mortality for other causes (Table 2).
Sweet pepper intake was associated with lower total
and IHD mortality risk, whereas no association was
found with cerebrovascular mortality (Online
Table 3), after adjustment for potential confounders.
Established biomarkers of CVD did not substan-
tially modify the relation between chili pepper and
mortality, although a marginal role was played by
serum vitamin D levels and biomarkers of lipid
metabolism, explaining 6.1% and 5.3% of the associ-
ation with all-cause mortality, respectively (Table 3).
Subgroup analyses showed no difference of effect
across levels of main covariates, with the exception of
hypertension, which was likely to modify the
magnitude of the association between chili pepper
intake and total mortality risk. Specifically, the posi-
tive effect of chilies was stronger in hypertension-
free individuals (p for interaction ¼ 0.021) (Table 4).
Overall diet quality, measured by MDS, was not an
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effect modifier of the relation between chili pepper
and mortality risk.
Risk of CVD mortality associated with a 1 SD
increment in the MDS was 0.92 (95% CI: 0.83 to 1.02)
and became 0.89 (95% CI: 0.80 to 0.98) in association
with 1 SD increment in the MDS “supplemented” with
chili pepper. Similarly, risk reduction of IHD/cere-
brovascular death went from 14% to 19%, whereas no
substantial modifications were observed for cancer
and other causes of mortality (data not shown). The
inclusion of chili pepper consumption as an addi-
tional component of the traditional MDS did not
improve discrimination ability of the model, with the
exception of cerebrovascular mortality. However, the
improved prediction associated with the MDS sup-
plemented with chilies was slightly over the model
including the traditional MDS (integrated discrimi-
nation improvement ¼ 0.005; p ¼ 0.026; NRI ¼ 0.010;
p ¼ 0.66; p value for difference in area under the
curve ¼ 0.31) (Online Table 4).
DISCUSSION
Findings from this large Mediterranean population-
based cohort show that regular consumption of chili
pepper is associated with lower risk of total and CVD
mortality, with larger magnitude observed for IHD
and cerebrovascular-related deaths. On the contrary,
no cancer death risk reduction was found, whereas
regular intakes were associated with lower risk of
other causes of mortality.
Our findings are in agreement and corroborate the
main results of 2 earlier studies from non-
Mediterranean cohorts. Evidence from the China
Kadoorie Biobank on about 500,000 men and women
(11) showed that regular consumption of spicy food
(almost every day) lowered the risk of total mortality
by 14% and of IHD death by 22%; reductions were also
observed for deaths due to cancer (�8%), or respira-
tory diseases (�29%). More recently, in the large
NHANES (National Health and Nutrition Examination
TABLE 2 Chili Pepper Intake and Risk of Death in the Moli-sani Study Cohort (N ¼ 22,811)
Weekly Consumption of Chili Pepper
Consumers vs.
None/Rare ConsumersNone/Rare Up to 2 Times/Week >2 to #4 Times/Week >4 Times/Week
All-cause mortality 500/7,689 212/4,360 244/5,216 280/5,546 —
Crude model ref 0.74 (0.63–0.87) 0.73 (0.63–0.85) 0.75 (0.65–0.87) 0.74 (0.66–0.83)
Model 1 ref 0.85 (0.73–1.00) 0.80 (0.69–0.94) 0.77 (0.66–0.89) 0.80 (0.72–0.90)
Model 2 ref 0.86 (0.73–1.01) 0.82 (0.70–0.96) 0.77 (0.66–0.90) 0.81 (0.72–0.92)
Cardiovascular mortality 193/7,689 73/4,360 91/5,216 87/5,546 —
Crude model ref 0.66 (0.50–0.86) 0.71 (0.55–0.91) 0.60 (0.47–0.77) 0.65 (0.54–0.79)
Model 1 ref 0.84 (0.64–1.10) 0.86 (0.67–1.11) 0.69 (0.54–0.90) 0.79 (0.65–0.96)
Model 2 ref 0.81 (0.61–1.06) 0.85 (0.66–1.10) 0.66 (0.50–0.86) 0.77 (0.63–0.94)
Ischemic heart disease mortality 74/7,689 22/4,360 37/5,216 29/5,546 —
Crude model ref 0.52 (0.32–0.83) 0.75 (0.50–1.11) 0.52 (0.34–0.80) 0.60 (0.44–0.81)
Model 1 ref 0.62 (0.38–1.00) 0.87 (0.58–1.29) 0.58 (0.37–0.89) 0.69 (0.50–0.94)
Model 2 ref 0.60 (0.37–0.97) 0.86 (0.57–1.30) 0.56 (0.35–0.87) 0.67 (0.48–0.94)
Cerebrovascular mortality 48/7,689 15/4,360 21/5,216 12/5,546 —
Crude model ref 0.54 (0.30–0.97) 0.65 (0.39–1.09) 0.33 (0.18–0.63) 0.50 (0.34–0.75)
Model 1 ref 0.72 (0.40–1.29) 0.84 (0.50–1.42) 0.41 (0.21–0.78) 0.64 (0.43–0.97)
Model 2 ref 0.67 (0.37–1.21) 0.82 (0.48–1.39) 0.39 (0.20–0.75) 0.62 (0.40–0.96)
Cancer mortality 173/7,689 88/4,360 98/5,216 123/5,546 —
Crude model ref 0.89 (0.69–1.15) 0.85 (0.66–1.09) 0.95 (0.76–1.20) 0.90 (0.75–1.08)
Model 1 ref 0.95 (0.73–1.23) 0.86 (0.67–1.10) 0.89 (0.70–1.13) 0.89 (0.74–1.08)
Model 2 ref 0.97 (0.74–1.26) 0.86 (0.67–1.11) 0.89 (0.70–1.14) 0.90 (0.74–1.10)
Other cause mortality 134/7,689 51/4,360 55/5,216 70/5,546 —
Crude model ref 0.66 (0.48–0.92) 0.61 (0.45–0.84) 0.70 (0.52–0.94) 0.66 (0.53–0.83)
Model 1 ref 0.77 (0.56–1.07) 0.68 (0.50–0.94) 0.74 (0.55–0.99) 0.73 (0.58–0.92)
Model 2 ref 0.80 (0.57–1.10) 0.72 (0.52–1.00)* 0.78 (0.58–1.06) 0.77 (0.61–0.96)
Values are events/n subjects or hazard ratio (95% confidence interval). Model 1 ¼ hazard ratios with 95% confidence interval obtained from the multivariable model adjusted for age, sex, and
energy intake. Model 2 ¼ as in model 1 and further adjusted for educational level, occupational class, smoking, leisure-time physical activity, cardiovascular disease, cancer, drugs for diabetes,
lipid-lowering drugs, medication for hypertension, Mediterranean Diet Score (not including sweet pepper intake), sweet pepper intake (g/day, ordered quartiles), garlic, parsley, black pepper
(consumption yes/no). *p < 0.05.
ref ¼ reference.
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Survey) cohort, the consumption of hot red chili
peppers appeared to be associated with a 13% reduc-
tion in total mortality risk (12).
Our study reveals that the health benefits associ-
ated with chili pepper intake are independent of the
overall quality of the diet, as measured by a tradi-
tional Mediterranean diet, thus suggesting an inde-
pendent effect of chili pepper toward mortality risk.
Moreover, risk estimates for total and cause-specific
mortality in the minimally adjusted and fully
adjusted multivariable models were very similar,
suggesting that, although chili pepper consumption
was associated with several risk factors for CVD, its
relationship with total or cause-specific mortality was
independent from such factors.
Furthermore, sensitivity analysis showed that the
association between chili consumption and mortality
was similar across risk factor categories, with the
exception of hypertension, where the association was
significantly stronger in normotensive subjects,
CENTRAL ILLUSTRATION Chili Pepper and Mortality
Total Mortality Cardiovascular Disease Mortality
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Bonaccio, M. et al. J Am Coll Cardiol. 2019;74(25):3139–49.
Observed rates and Kaplan-Meier estimates for all-cause, cardiovascular disease, ischemic heart disease, and cerebrovascular mortality for consumers and none/rare-
consumers of chili pepper in the Moli-sani Study cohort. Kaplan-Meier estimates were obtained from the multivariable model adjusted for age, sex, educational level,
occupational class, smoking, leisure-time physical activity, cardiovascular disease, cancer, drugs for diabetes, lipid-lowering drugs, medication for hypertension,
Mediterranean diet score (not including sweet pepper intake), sweet pepper intake (g/day, ordered quartiles), garlic, parsley, black pepper (consumption yes/no), and
energy intake (kcal/day).
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suggesting that the high prevalence of hypertension
in chili pepper consumers could partially mask its
protective effect on total mortality.
With respect to a potential improvement of risk
prediction deriving from the inclusion of chilies into
the traditional MDS, we found no significant changes
in the discrimination ability of the modified score. The
fact that an explanatory variable significantly corre-
lated with the outcome does not lead to improvements
in prediction is a well-known and widespread occur-
rence, and does not entirely devaluate the association
between the variable and the outcome (23). More
importantly, the association of chili pepper with mor-
tality risk was independent of the adherence to the
MD, supporting the notion that minor dietary changes,
such as adding chilies to usual diet, could be valuable
measures for improving health, especially cardiovas-
cular health, independent of overall diet quality.
We also aimed to examine whether some biological
mechanisms could be on the pathway between chili
pepper and mortality. Our results showed that the
majority of established biomarkers of CVD risk poorly
accounted for the observed lower risk of death; only
serum vitamin D was likely to explain a modest





(n ¼ 15,122) PTE (%) PTE p Value
All-cause mortality, deaths 500 (6.5) 736 (4.9) —
Model 2 ref 0.81 (0.72–0.92) —
Model 2 þ cardiac troponin ref 0.81 (0.72–0.91) Null
Model 2 þ natriuretic peptide ref 0.82 (0.72–0.92) Null
Model 2 þ biomarkers of renal function ref 0.82 (0.72–0.92) Null
Model 2 þ biomarkers of glucose metabolism ref 0.81 (0.72–0.91) Null
Model 2 þ biomarkers of lipid metabolism ref 0.82 (0.73–0.93) 5.3 [1.6–16.5] 0.033
Model 2 þ serum vitamin D (ng/ml) ref 0.83 (0.73–0.93) 6.1 [2.0–16.6] 0.014
Model 2 þ inflammatory biomarkers ref 0.81 (0.72–0.91) Null
Model 2 þ BP þ BMI ref 0.82 (0.73–0.92) 2.4 [0.4–13.1] 0.12
Cardiovascular mortality, deaths 193 (2.5) 251 (1.7) —
Model 2 ref 0.77 (0.63–0.94) —
Model 2 þ cardiac troponin ref 0.75 (0.62–0.93) Null
Model 2 þ natriuretic peptide ref 0.76 (0.62–0.93) Null
Model 2 þ biomarkers of renal function ref 0.77 (0.63–0.95) 1.7 [0.0–38.2] 0.28
Model 2 þ biomarkers of glucose metabolism ref 0.76 (0.62–0.94) Null
Model 2 þ biomarkers of lipid metabolism ref 0.77 (0.63–0.95) 3.1 [0.2–31.0] 0.21
Model 2 þ serum vitamin D (ng/ml) ref 0.78 (0.64–0.96) 5.9 [1.4–21.9] 0.048
Model 2 þ inflammatory biomarkers ref 0.76 (0.62–0.93) Null
Model 2 þ BP þ BMI ref 0.77 (0.63–0.94) Null
Ischemic heart disease mortality, deaths 74 (1.0) 88 (0.6) —
Model 2 ref 0.67 (0.48–0.94) —
Model 2 þ cardiac troponin ref 0.67 (0.48–0.93) Null
Model 2 þ natriuretic peptide ref 0.67 (0.48–0.93) Null
Model 2 þ biomarkers of renal function ref 0.67 (0.48–0.93) Null
Model 2 þ biomarkers of glucose metabolism ref 0.66 (0.47–0.92) Null
Model 2 þ biomarkers of lipid metabolism ref 0.66 (0.48–0.92) Null
Model 2 þ serum vitamin D (ng/ml) ref 0.68 (0.48–0.95) 2.7 [0.2–29.2] 0.20
Model 2 þ inflammatory biomarkers ref 0.67 (0.48–0.93) Null
Model 2 þ BP þ BMI ref 0.67 (0.48–0.93) Null
Cerebrovascular mortality, deaths 48 (0.6) 48 (0.3) —
Model 2 ref 0.62 (0.40–0.96) —
Model 2 þ cardiac troponin ref 0.61 (0.39–0.95) Null
Model 2 þ natriuretic peptide ref 0.62 (0.40–0.96) 1.2 [0.0–91.3] 0.38
Model 2 þ biomarkers of renal function ref 0.62 (0.40–0.96) Null
Model 2 þ biomarkers of glucose metabolism ref 0.62 (0.40–0.96) 1.0 [0.0–49.8] 0.33
Model 2 þ biomarkers of lipid metabolism ref 0.61 (0.39–0.95) Null
Model 2 þ serum vitamin D (ng/ml) ref 0.62 (0.40–0.96) Null
Model 2 þ inflammatory biomarkers ref 0.61 (0.39–0.94) Null
Model 2 þ BP þ BMI ref 0.62 (0.40–0.96) Null
Continued on the next page
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proportion of the relation of chili pepper with total,
CVD, and other-cause mortality death risk, while
biomarkers of lipid metabolism appeared to slightly
mediate the association of chilies with all-cause
mortality.
In our population sample, regular chili pepper
intake was associated with increased levels of lipids, a
finding in agreement with previous epidemiological
observations on serum triglycerides from a cohort of
Chinese adults, but in apparent contrast with their
reported inverse association of spicy food consump-
tion with serum cholesterol (24). By contrast, a human
intervention on 27 participants reported that regular
consumption of freshly chopped chilies for 4 weeks
had no effect on serum lipids and lipoproteins (25).
Other biological mechanisms potentially linking
chili peppers to lower mortality risk, especially CVD-
related, could be ascribed to the weight loss–
promoting properties of chilies (8,9,12): protection
against obesity leads indeed to decreased risk of
cardiovascular and metabolic diseases; yet, in our
population, regular chili pepper consumers were
more likely to be obese than nonconsumers, and the
inclusion of BMI in the mediating pathways did not
substantially affect mortality risk.
Finally, in light of the well-known anti-inflamma-
tory properties of chili peppers (26), we tested the
role of inflammatory processes, by 2 widely used
biomarkers but failed to detect any attenuation of
risk; however, the use of only 2 markers could lead to
an underestimation of the role of inflammation as a
likely mediating mechanism linking chili pepper
consumption to death risk.
None of the biological mechanisms tested were
able to explain the health benefits associated with
chilies; however, we could not explore other path-
ways that could link chili pepper intake to improved
health outcomes, such as reduced oxidation or anti-
atherogenic potential (4).
Of note, an inverse association with total and IHD
mortality was also observed for sweet peppers, which
contain capsaicin in smaller, yet possibly beneficial,
amounts, although no effect was observed toward CVD
and cerebrovascular mortality risk; these findings
suggest that the health advantages associated with






(n ¼ 15,122) PTE (%) PTE p Value
Cancer mortality, deaths 173 (2.2) 309 (2.0) —
Model 2 ref 0.90 (0.74–1.10) —
Model 2 þ cardiac troponin ref 0.90 (0.74–1.10) Null
Model 2 þ natriuretic peptide ref 0.91 (0.74–1.10) 1.2 [0.0–71.4] 0.35
Model 2 þ biomarkers of renal function ref 0.90 (0.74–1.10) Null
Model 2 þ biomarkers of glucose metabolism ref 0.90 (0.74–1.10) Null
Model 2 þ biomarkers of lipid metabolism ref 0.91 (0.75–1.11) 5.8 [0.2–61.9] 0.21
Model 2 þ serum vitamin D (ng/ml) ref 0.91 (0.75–1.11) 8.9 [0.7–57.5] 0.064
Model 2 þ inflammatory biomarkers ref 0.90 (0.73–1.09) Null
Model 2 þ BP þ BMI ref 0.91 (0.74–1.11) 4.2 [0.1–61.6] 0.24
Other cause mortality, deaths 173 (2.2) 309 (2.0) —
Model 2 ref 0.77 (0.61–0.96) —
Model 2 þ cardiac troponin ref 0.75 (0.60–0.95) Null
Model 2 þ natriuretic peptide ref 0.77 (0.61–0.97) Null
Model 2 þ biomarkers of renal function ref 0.77 (0.61–0.97) Null
Model 2 þ biomarkers of glucose metabolism ref 0.77 (0.61–0.96) Null
Model 2 þ biomarkers of lipid metabolism ref 0.78 (0.62–0.99) 7.7 [1.2–35.6] 0.10
Model 2 þ serum vitamin D (ng/ml) ref 0.77 (0.61–0.98) 3.9 [0.8–16.5] 0.059
Model 2 þ inflammatory biomarkers ref 0.77 (0.61–0.97) Null
Model 2 þ BP þ BMI ref 0.77 (0.61–0.98) 4.0 [0.6–23.9] 0.13
Values are n (%), hazard ratio (95% confidence interval), or PTE [95% confidence interval]. Hazard ratios were obtained from the multivariable model adjusted for age, sex,
educational level, occupational class, smoking, leisure-time physical activity, cardiovascular disease, cancer, drugs for diabetes, lipid-lowering drugs, medication for hyper-
tension, Mediterranean Diet Score (not including sweet pepper intake), sweet pepper intake (g/day, ordered quartiles), garlic, parsley, black pepper (consumption yes/no), and
energy intake (Kcal/day). Cardiac troponin ¼ high-sensitivity troponin I (pg/ml; logarithm). Natriuretic peptide ¼ N-terminal pro–B-type natriuretic peptide (pg/ml; logarithm).
Biomarkers of renal function include cystatin C and creatinine (mg/l; logarithm). Biomarkers of glucose metabolism include blood glucose (mg/dl; logarithm), insulin (pmol/l;
logarithm), C-peptide (ng/ml; logarithm). Biomarkers of lipid metabolism ¼ blood cholesterol (mg/dl), high-density lipoprotein cholesterol (mg/dl), triglycerides
(mg/dl; logarithm), apolipoprotein A1 (g/l), apolipoprotein B100 (g/l), lipoprotein a (mg/dl). Inflammatory biomarkers include C-reactive protein (mg/l; logarithm), white blood
cell count (�109/l; logarithm). BMI was categorized as normal weight, overweight, obese.
BP ¼ blood pressure; BMI ¼ body mass index; Null ¼ not mediating the effect; PTE ¼ percent of exposure effect; ref ¼ reference.
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contentof capsaicin,which is farmoreabundant in chili
than in sweet nonspicy peppers. Similar conclusions
were reachedbya study revealing apositive correlation
between frequency of chili consumption, but not sweet
peppers, and muscle strength in adult males (27).
However, Capsicum species contain a large variety of
phytochemicals with well-known antioxidant proper-
ties, such as carotenoids (b-carotene), capsaicinoids
(capsaicin), and flavonoids (quercetin and luteolin)
(28,29). Therefore, a possible synergistic activity of
these bioactive compounds cannot be ruled out.
STUDY STRENGTHS AND LIMITATIONS. Major strengths
of this study include a large sample size, a prospec-
tive cohort design, and careful ascertainment of
established and potential risk factors for death;
moreover, analyses were controlled for several di-
etary covariates that may be correlated with intake of
chili peppers. Finally, it is the first investigation
addressing the association of chili pepper intake and
mortality risk in a large Mediterranean population.
The present study has, however, several limita-
tions. First, given the observational nature of our
investigation, causality can only be suggested, and
residual confounding or confounding by unmeasured
factors cannot be fully ruled out.
Second, cause-specific mortality analysis in this
dataset are limited by the relatively small number of
deaths. Lastly, subjects’ information was collected at
baseline only, thus changes that may have occurred
during the follow-up could not be considered.
CONCLUSIONS
Regular consumption of chili peppers is associated
with lower risk of total and CVD mortality in a large
Mediterranean cohort of adults. The mechanisms
through which chili peppers could lower mortality
risk are still unclear, although a modest role was
found for traditional CVD risk factors. The inclusion
of chili pepper intake into a traditional MDS offered
no or small added value in the discrimination ability
of the modified score. To the best of our knowledge,
this study is the first to report a negative association
between chili pepper intake and (all-cause and spe-
cific) mortality risk in a Mediterranean prospective
TABLE 4 Subgroup Analysis for the Association of Chili Pepper Intake (Consumers vs. None/Rare-Consumers) With Total and CVD Mortality Risk
Total Mortality CVD Mortality
Deaths/Subjects HR (95% CI) p Value for Interaction Deaths HR (95% CI) p Value for Interaction
Age <65 yrs 337/17,613 0.74 (0.58–0.94) 0.51 79 0.79 (0.47–1.31) 0.53
Age $65 yrs 899/5,198 0.85 (0.74–0.97) 365 0.78 (0.63–0.97)
Women 429/11,938 0.84 (0.69–1.02) 0.79 162 0.93 (0.67–1.28) 0.29
Men 807/10,873 0.78 (0.67–0.91) 282 0.66 (0.51–0.84)
Up to lower secondary education 896/11,918 0.85 (0.74–0.98) 0.22 337 0.80 (0.64–0.996) 0.84
Upper secondary/post-secondary 340/10,893 0.73 (0.57–0.92) 107 0.67 (0.44–1.03)
Nonsmokers 989/17,568 0.84 (0.74–0.96) 0.71 367 0.85 (0.69–1.06) 0.20
Smokers 247/5,243 0.76 (0.58–1.01) 77 0.53 (0.33–0.85)
Low physical activity 678/11,545 0.82 (0.70–0.96) 0.79 256 0.85 (0.66–1.11) 0.25
High physical activity 558/11,266 0.79 (0.66–0.95) 188 0.63 (0.46–0.85)
Free from CVD 956/21,274 0.80 (0.70–0.92) 0.93 289 0.78 (0.61–0.998) 0.46
CVD subjects 235/1,177 0.82 (0.62–1.08) 131 0.64 (0.45–0.93)
Free from cancer 1,105/21,985 0.81 (0.71–0.92) 0.36 415 0.72 (0.59–0.88) 0.069
Cancer subjects 116/736 0.79 (0.53–1.18) 25 1.72 (0.61–4.85)
Free from diabetes 1,016/21,442 0.82 (0.72–0.94) 0.75 1,016 0.74 (0.59–0.92) 0.70
Subjects with diabetes 188/1,088 0.70 (0.51–0.96) 80 0.80 (0.48–1.31)
Free from hyperlipidemia 1,045/20,849 0.82 (0.72–0.94) 0.88 359 0.79 (0.63–0.98) 0.86
Subjects with hyperlipidemia 169/1,756 0.83 (0.59–1.16) 76 0.77 (0.46–1.29)
Free from hypertension 563/16,203 0.68 (0.57–0.81) 0.021 141 0.67 (0.47–0.94) 0.54
Subjects with hypertension 637/6,231 0.94 (0.80–1.12) 287 0.82 (0.64–1.05)
Low MD (MDS 0–3) 384/6,898 0.91 (0.73–1.12) 0.32 142 0.85 (0.60–1.20) 0.62
Average MD (MDS 4–5) 545/10,053 0.73 (0.61–0.88) 196 0.77 (0.57–1.04)
High MD (MDS 6–9) 307/5,860 0.85 (0.66–1.10) 106 0.64 (0.42–0.97)
Healthy subjects* 710/19,479 0.84 (0.71–0.98) — 224 0.74 (0.56–0.97) —
Excluding early deaths (follow-up >2 yrs) 1,067/22,642 0.81 (0.71–0.92) — 373 0.78 (0.63–0.96) —
Values are n/N or n, unless otherwise indicated. Hazard ratios are obtained from the multivariable model adjusted for age, sex, educational level, occupational class, smoking, leisure-time physical activity,
cardiovascular disease, cancer, drugs for diabetes, lipid-lowering drugs, medication for hypertension, MDS (not including sweet pepper intake), sweet pepper intake (g/day, ordered quartiles), garlic, parsley,
black pepper (consumption yes/no), energy intake (Kcal/day). Low physical activity ¼ leisure-time physical activity#2.27 metabolic equivalent task-hours/day (population median). *Subjects without history
of CVD or cancer, nor reporting drugs for diabetes.
CVD ¼ cardiovascular disease; MD ¼ Mediterranean diet; MDS ¼ Mediterranean Diet Score.
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cohort, and to assess possible biological mechanisms
underlying such association.
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: In an Italian
population, regular consumption of chili peppers is associated
with a lower long-term risk of mortality from cardiovascular
causes.
TRANSLATIONAL OUTLOOK: Further studies are needed to
understand the biological mechanisms responsible for apparent
beneficial effect of chili peppers on cardiovascular risk.
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ABSTRACT
Background: An inverse relationship between coffee intake and mortality has been observed in several population
cohorts, but rarely within Mediterranean countries. Moreover, the biological pathways mediating such an association
remain unclear.
Objectives: We assessed the associations between coffee consumption and total and cause-specific mortality and
examined the mediating roles of N-terminal pro B–type natriuretic peptide (NTproBNP), high-sensitivity Troponin I, blood
glucose, lipid metabolism, and selected biomarkers of inflammation and renal function.
Methods: We longitudinally analyzed data on 20,487 men and women (35–94 years old at baseline) in the Moli-sani
Study, a prospective cohort established in 2005–2010. Individuals were free from cardiovascular disease (CVD) and
cancer and were followed-up for a median of 8.3 years. Dietary data were collected by a 188-item semi-quantitative FFQ.
Coffee intake was standardized to a 30-mL Italian espresso cup size. HRs with 95% CIs were calculated by multivariable
Cox regression.
Results: In comparison with no/rare coffee consumption (up to 1 cup/d), HRs for all-cause mortality across categories
of coffee consumption (>1 to ≤2, >2 to ≤3, >3 to ≤4 and >4 cups/d) were 0.79 (95% CI, 0.65–0.95), 0.84 (95% CI,
0.69–1.03), 0.72 (95% CI, 0.57–0.92), and 0.85 (95% CI, 0.62–1.12), respectively. For CVD mortality, a nonlinear (P for
non-linearity = 0.021) J-shaped association was found (magnitude of the relative reduction = 37%; nadir at 3–4 cups/d).
Circulating levels of NTproBNP explained up to 26.4% of the association between coffee and all-cause mortality, while
systolic blood pressure was likely to be on the pathway between coffee and CVD mortality, although to a lesser extent.
Conclusions: In this large cohort of Italian adults, moderate consumption (3–4 cups/d) of Italian-style coffee was
associated with lower risks of all-cause and, specifically, of CVD mortality. Among the known biomarkers investigated
here, NTproBNP likely mediates the relationship between coffee intake and all-cause mortality. J Nutr 2020;0:1–10.
Keywords: coffee consumption, mortality risk, cardiovascular mortality, general population, Mediterranean diet
Introduction
Coffee is among the most commonly consumed nonalcoholic
beverages worldwide and contains various antioxidants and
phenolic compounds, such as flavonoids and caffeine, some of
which have been shown to exert beneficial effects for health
(1–3).
The relationships between coffee intake and the risks of
disease/mortality have been widely investigated in a number
of epidemiological settings, most of which indicate a favorable
role of regular coffee intake on a variety of health outcomes,
including cardiovascular disease (CVD), mortality, and cancer
(4, 5). Regarding cardiovascular health, the currently available
evidence on CVD effects related to habitual coffee consumption
is largely reassuring, suggesting that coffee can be included as
part of a healthy diet for the general public and also for those
with an increased cardiovascular risk or CVD (6).
More recently, a meta-analysis of 40 prospective cohort
studies found lower risks of mortality from all causes and
from CVD in a comparison of the highest versus lowest coffee
consumption categories, with similar results across various
subpopulations by characteristics of subjects, including age,
C� The Author(s) 2020. Published by Oxford University Press on behalf of the American Society for Nutrition. All rights reserved. For permissions, please e-mail:
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sex, overweight status, alcohol drinking, smoking status, and
caffeine content consumed (7).
Although the mechanisms of action are not entirely
understood, the health-promoting properties of coffee are
largely attributed to its rich phytochemistry, including caffeine,
chlorogenic acid, caffeic acid, and hydroxy hydroquinone (8),
and to its antioxidant compounds, which may explain the
potential benefits of coffee against those conditions associated
with a chronic state of subclinical inflammation, such as CVD
and cancer (9, 10).
Though largely consumed among Mediterranean popula-
tions, coffee has generally not been included among the food
items used to obtain Mediterranean dietary scores (11), nor
has coffee consumption been extensively investigated among
Mediterranean countries; the relative paucity of studies renders
it difficult to provide definitive evidence on whether an
antioxidant-rich beverage may have potential health benefits
among populations already consuming a high-antioxidant diet,
such as the Mediterranean diet (MD).
The primary aim of this study was to prospectively assess the
association of coffee consumption with total and cause-specific
mortality in a large Italian population of adult men and women;
as a secondary aim,we examined several biological mechanisms
that might explain the relationship between coffee intake and
mortality by analyzing the possible contributions of selected
biomarkers of different biological processes that predispose
individuals to CVD onset or progression. Finally, we assessed
whether the inclusion of coffee consumption would improve
risk predictions associated with a traditional Mediterranean
Diet Score (MDS).
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of University and Research (MIUR, Rome, Italy)–Programma Triennale di
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The Moli-sani Study is a large, population-based cohort study
that, in 2005–2010, randomly recruited 24,325 men and women
aged ≥35 years from the adult general population of the Molise region,
a central-southern area of Italy, from city hall registries by multistage
sampling. The exclusion criteria were pregnancy, disturbances in mental
or decision-making impairments, ongoing poly traumas, or coma.
Details of the study are provided elsewhere (12). For the purpose
of the present analyses, we excluded subjects with a history of CVD
(n = 1188) or missing data on CVD (n = 366), with a history of
cancer (n = 697) or missing data on cancer (n = 87), reporting
implausible energy intakes (<800 kcal/d in men and <500 kcal/d in
women or >4000 kcal/d in men and >3500 kcal/d in women; n= 371),
with unreliable dietary or medical questionnaires (n = 955 and n = 60,
respectively), lost to follow-up (n = 22), without information on cause-
specific death (n = 15), or with missing information for covariates
(n = 77). Those participants with missing values of 1 or more
covariates (missing data: diabetes, n = 281; hypertension, n = 378;
and hyperlipidaemia, n = 206) were kept in the data set and treated
as missing reporting, but were excluded in sensitivity analysis. The final
sample was of 20,487 individuals (Supplemental Figure 1).
The cohort was followed-up for mortality until 31 December
2015. Overall and cause-specific mortality rates were assessed by the
Italian mortality registry (Registro Nominativo CauseMorte, ReNCaM
registry), validated by Italian death certificates (Istituto Nazionale
di Statistica, ISTAT), and coded according to the International
Classification of Diseases, Ninth Edition (ICD-9).
CVD mortality included deaths from diseases of the circulatory
system when the underlying cause of death included ICD-9 codes 390–
459. ICD-9 codes 430–438 were used to define a specific cause of death
for cerebrovascular disease and ICD-9 codes 410–414 and 429 were
used to define a specific cause of death for ischemic heart disease (IHD).
Cancer was considered as the cause of death when using ICD-9 codes
140–208. Noncardiovascular/noncancer causes of death were included
in an “other-cause mortality” group.
The Moli-sani Study complies with the Declaration of Helsinki and
was approved by the Ethical Committee of the Catholic University
Medical School in Rome, Italy. All participants provided written
informed consent.
Dietary assessment
Dietary intake was assessed by an interviewer-administered, semi-
quantitative, European Prospective Investigation into Cancer and
Nutrition (EPIC) FFQ that was validated and adapted to the Italian
population to assess participants’ diet during the past 12 months.
The FFQ includes 188 food items, classified into 74 predefined
food groups on the basis of similar nutrient characteristics or culinary
usage (13). Participants were asked to indicate the number of times a
given item was consumed (per day, week, month, or year), from which
the frequency of consumption was calculated. The quantity of food
consumed was assessed by asking the participant to select 1 among
several images of different food portions or by using a predefined
standard portion when no image was available.
Frequencies and quantities of each food were then linked, using
specifically designed software (14), to Italian Food Tables (15) to obtain
estimates of daily intakes of macro- and micro-nutrients plus energy.
For coffee, the questionnaire inquired about the consumption
frequency of caffeinated and decaffeinated coffee, the 2 recipes mainly
consumed in Italy, in the form of espresso or percolated (mocha) coffee.
The question asked for coffee was “How many cups of coffee do you
usually drink?,” with possible answers being number of cups per day,
week, or month, or never/almost never. Subsequently, participants were
asked to indicate the type of coffee more usually consumed: that is,
Italian espresso (30 mL), mocha coffee (50 mL), or decaffeinated coffee
(30mL).Cappuccino and café latte were assumed to contain 20% coffee
and 80% milk. We calculated total coffee consumption as the sum of
all these types of coffee.
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For the data analysis, we standardized the amount of coffee
consumed to a 30-mL cup size, which is the standard cup size of an
Italian espresso according to the Italian dietary guidelines (16).
Coffee consumption was categorized as up to 1 cup/d, >1 to
≤2 cups/d, >2 to ≤3 cups/d, >3 to ≤4 cups/d and >4 cups/d.
Added sugar was the quantity of sugar (g/d) added to beverages (i.e.,
milk, coffee, tea, or yogurt).
Adherence to the traditional MD was evaluated by the MDS
developed by Trichopoulou et al. (11). The score was obtained
by assigning 1 point each to foods considered healthy (fruits and
nuts, vegetables, legumes, fish, cereals; MUFA to SFA ratio) whose
consumption was above the sex-specific medians of intake of the Moli-
sani study population for participants apparently free from CVD,
cancer, and diabetes, and then the score was applied to the whole
population; foods presumed to be detrimental (meat and dairy products)
were scored positively if their consumption was below the median. All
other intakes received 0 points. For ethanol, men who consumed 10–
50 g/d and women who consumed 5–25 g/d received 1 point; otherwise,
the score was 0. The MDS ranged from 0 to 9 (the latter reflecting
maximal adherence) and scores were categorized according to poor (0–
3), average (4–5), and good adherence (6–9) to the MD.
Assessment of covariates
At baseline, information on socio-demographic variables, lifestyles, and
medical history were obtained by interviewer-administered question-
naires.
The education variable was based on the highest qualification
attained and was categorized as up to lower secondary (approxi-
mately ≤8 years of study), upper secondary education (8–13 years of
study), and post-secondary or higher (>13 years of study). Housing
status was classified as rented, 1-dwelling ownership, or >1-dwelling
ownership.
Subjects were classified as never, current, or former smokers (quit
at least 1 year ago) and, among ever smokers, the number of cigarettes
smoked per daywas also assessed. Leisure-time physical activity (PA) for
sports, walking, and gardening was dichotomized as <30 or ≥30 min/d.
Waist circumference (in cm) was measured between the twelfth rib
and the iliac crest, and hip circumference (in cm) was measured around
the buttocks. The waist-to-hip ratio was then calculated, and abdominal
obesity was defined as a waist-to-hip ratio ≥0.90 for men and ≥0.85 for
women (17).
Participants were considered to have diabetes, hypertension, or
hyperlipidemia at baseline if they were taking disease-specific drugs.
Selection and assessment of biomarkers of CVD risk
The biomarkers tested in the present study were selected on the basis
whether they were: 1) previously studied for their relevance in pathways
predisposed to CVD; 2) shown in epidemiologic studies to be related
to CVD or mortality; and 3) already introduced in the analyses of the
Moli-sani Study cohort.
Each of these biomarkers reportedly reflects different underlying
pathways to disease incidence and progression (18, 19).
Blood samples were collected at baseline in participants who had
fasted overnight and had refrained from smoking for at least 6 hours;
lipids (total cholesterol, HDL, triglycerides) and blood glucose were
assayed in serum samples by enzymatic reaction methods using an
automatic analyzer (ILab 350, Instrumentation Laboratory, Milan,
Italy); quality control for lipids and glucose was obtained by a
commercial standard (SeraChem1 and SeraChem2). For SeraChem1
and SeraChem2, the coefficients of variability were 4.9% and
5.2% respectively for blood cholesterol; 3.2% and 3% for HDL;
5.2% and 5.3% for triglycerides; and 4.7% and 4.1% for blood
glucose.
High sensitivity C-reactive protein (CRP) was measured in fresh
serum samples by a particle-enhanced immune-turbidimetric assay
(ILab 350, Instrumentation Laboratory, Milan, Italy). Quality control
for CRP was maintained using an in-house serum pool and a commer-
cial laboratory standard whose inter-day coefficients of variability were
5.5% and 4.2%, respectively.
A hemocromocytometric analysis was performed by cell count
(Coulter HMX, Beckman Coulter, IL, Milan, Italy) within 3 hours of
blood collection. Quality control was performed using 3 different levels
of standards: Abnormal 1, a pathologically high control; Abnormal 2,
a pathologically low control; and Normal (Coulter HMX, Beckman
Coulter). Coefficients of variability for white blood cells (WBC) were
6.2%, 3.3%, and 3.0% for Abnormal 1, Abnormal 2, and Normal,
respectively. N-terminal pro B–type natriuretic peptide (NTproBNP),
high-sensitivity assayed Troponin I, apoA, apoB100, lipoprotein a,
markers of renal function (cystatin C, creatinine), insulin, C-peptide,
and serum vitamin D were measured subsequently on thawed samples
stored frozen in liquid nitrogen at the biological bank of the Moli-sani
study, in the framework of the collaborative BiomarCaRE (Biomarker
for Cardiovascular Risk Assessment in Europe) research project, whose
primary objective is to assess the value of established and emerging
biomarkers for CVD risk prediction by using data from 23 cohorts
across Europe (18).
The low-grade inflammation (INFLA) score was constructed by
summarizing synergistic effects of inflammatory biomarkers (20).
Briefly, deciles of each biomarker level (CRP, WBC, platelets, and the
granulocyte-to-lymphocyte ratio) were generated. For all 4 components,
being in the highest deciles (7–10) gave a score that increased from 1 to
4, while being in the lowest deciles (1–4) was negatively scored from −4
to −1. Being in deciles 5 or 6 was scored as 0 points. In such a way, the
INFLA score ranged from between −16 and 16 and came up as the sum
of the 4 biomarkers. An increase in the score represented an increase in
low-grade inflammation intensity.
Statistical analysis
Baseline characteristics of the participants by categories of daily
coffee intake were presented as means and SDs or as percentages
for categorical variables. Differences in the distribution of baseline
covariates were calculated using an ANOVA adjusted for age, sex,
and energy intake (GENMOD procedure for categorical variables
and general linear model procedure for continuous variables in SAS
software; Table 1). Positively skewed variables were log transformed
before analysis.
Risk estimates for all-cause and cause-specific deaths were expressed
as HRs with 95% CIs and were calculated using Cox regression models
with time-on-study on the time scale and adjusting for baseline age as a
covariate in the model.
On the basis of previous literature and biological plausibility,
2 models for the association of coffee with the mortality risk were
fitted: Model 1 was adjusted for age (continuous), sex, and energy
intake (kcal; continuous); Model 2 was adjusted as in Model 1 and
further controlled for education (up to lower secondary school; upper
secondary school; postsecondary/higher), housing (rented and 1- or>1-
dwelling ownership), residence (urban/rural), leisure-time PA (<30
or ≥30 min/d), smoking (never, current, former smokers), number of
cigarettes per day (≤5,>5 to ≤10,>10 to ≤20,>20, and missing data),
abdominal obesity (no/yes), diabetes (no/yes/missing), hyperlipidaemia
(no/yes/missing), hypertension (no/yes/missing), MDS (continuous), tea
intake (nonconsumers, >0 to ≤2 cups/week, >2 to ≤4 cups/week,
and >4 cups/week), and added sugar (g/d; continuous). Missing values
of hypertension, hyperlipidaemia, and diabetes were included in the
model as dummy variables, similar to the way valid categories were
represented.
For a biomarker to be considered as mediating the association of
coffee intake and mortality, it had to be associated with both the
exposure and the outcome (at least 1 of those analyzed) with a P
value < 0.20, in accordance with predefined mediation principles
(21, 22). These criteria were tested in distinct multivariable regression
models for each potential mediator individually (Supplemental Table
1) and through Cox models that included coffee consumption as a
covariate (Supplemental Table 2).
The multivariable Model 2 served as the reference for the mediation
analysis used to estimate the contribution of each set of potential
mediators, which were alternately included in Model 2.
We performed our analysis on 18,661 subjects (after exclusion
of those individuals with missing data on any of the biomarkers) to
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TABLE 1 Selected characteristics of participants at baseline in the Moli-sani Study cohort (n = 20,487) across categories of daily
coffee intake
Coffee intake, cups/d
≤1 >1 to ≤2 >2 to ≤3 >3 to ≤4 >4 P value
Participants, n (%) 3714 (18.1) 4436 (21.7) 4680 (22.8) 3747 (18.3) 3910 (19.1)
Age, years 58.1 ± 12.8 57.3 ± 11.9 55.7 ± 11.6 54.2 ± 10.9 51.3 ± 9.3 <0.0001
Men 47.8 47.2 46.5 44.1 49.3 0.0002
Educational level — — — — — <0.0001
Up to lower secondary 58.9 54.7 51.5 45.7 44.2
Upper secondary 30.7 33.3 34.9 39.5 40.6
Postsecondary 10.4 12.0 13.6 14.8 15.2
Housing — — — — — 0.13
Rent 8.1 7.8 8.6 9.1 11.0
1 dwelling ownership 84.0 82.9 82.8 81.8 80.2
>1 dwelling ownership 7.9 9.3 8.6 9.1 8.8
Smoking status — — — — — <0.0001
Nonsmokers 61.2 55.6 50.8 48.1 35.2
Current smokers 12.3 17.3 21.9 27.2 41.2
Former smokers 26.5 27.1 27.3 24.7 23.6
Number of cigarettes smoked per day1 — — — — — <0.0001
≤5 33.6 30.5 22.0 21.1 15.1
>5 to ≤10 24.8 25.0 24.1 23.5 19.2
>10 to ≤20 31.4 36.7 43.4 44.9 48.1
>20 9.4 7.0 9.7 9.6 17.1
Physical activity ≥30 min/d 65.5 65.6 63.8 63.2 61.6 0.0002
Abdominal obesity 75.1 73.6 72.8 72.2 70.1 0.0002
Diabetes 3.8 4.8 3.8 4.0 3.4 0.0003
Hypertension 30.9 29.4 24.7 20.7 15.2 0.0004
Hyperlipidemia 6.1 6.0 5.4 5.5 3.5 0.0003
Mediterranean diet score — — — — — <0.0001
Poor: 0–3 25.9 29.4 30.5 32.7 35.0
Average: 4–5 44.6 43.2 44.0 44.5 43.6
Good: 6–9 29.5 27.4 25.5 22.8 21.4
Added sugar, g/d 4.2 (4.5) 7.2 (5.6) 9.7 (7.1) 12.1 (8.7) 17.6 (14.6) <0.0001
Tea intake, cups/week 1.4 (3.5) 0.9 (2.5) 0.7 (2.1) 0.7 (2.2) 0.6 (2.2) <0.0001
Alcohol consumption, g/d 17.4 (22.9) 18.2 (23.7) 16.3 (21.5) 14.5 (19.9) 14.5 (19.3) <0.0001
Values are expressed as percentages for all variables, except for age, added sugar, tea intake, and alcohol consumption, which are presented as means ± SDs. Means and P
values are adjusted for sex, age, and energy intake. Coffee intake was standardized to a 30-mL Italian espresso cup size. Tea intake was standardized to a 150-mL cup size.
1Percentages were calculated based on the total number of smokers (n = 4881).
evaluate how much of the associations between coffee consumption
and all-cause or cause-specific mortality would be accounted for by
biomarkers representative of different biological processes.
For the mediation analysis, the % MEDIATE macro in SAS (23)
was used to calculate the point and interval estimates of the percentage
of exposure effect explained by 1 or more intermediate variables, with
95% CIs and P values. Biomarkers were entered into the mediation
analysis as continuous variables.
We conducted several analyses to assess the sensitivity of the
observed associations to various baseline risk factors: age (35–64
and ≥65 years), sex, socioeconomic strata (education and housing),
lifestyles (smoking status, leisure-time PA, MDS), and health con-
ditions at baseline (abdominal obesity, diabetes, hypertension, and
hyperlipidaemia); we also conducted an analysis after excluding those
subjects who died during the first 2 years of follow-up. Appropriate
multiplicative terms for testing interactions were included in the
multivariable models to test for a difference of effect of coffee intake
across subgroups (Supplemental Table 3).
Possible curvilinear associations between the continuous measure of
coffee intake (cups/d) and the all-cause and cause-specific mortality risks
were tested via a multivariable Cox model using a restricted cubic spline
with 3 knots at fixed percentiles (5th, 50th, and 95th percentiles of the
distribution; Figure 1).
In order to see whether the inclusion of coffee would possibly
improve risk predictions associated with MDS, we scored coffee
consumption as previously done for the food groups already present in
the MDS (11). For consistency with the methodology previously used,
we calculated the sex-specific medians of coffee intake in our population
(free from CVD, cancer, and diabetes) and assigned a value of 1 if
consumption was above the sex-specific median (82.9 g/d for women
and 84.0 g/d for men); otherwise, the score was 0.
We then obtained a 2-level variable that was included as an
additional component in the original MDS, thus originating an MDS
“supplemented” with coffee with scores ranging from 0 to 10; to
allow for comparisons among scores, the scores were entered into risk
analyses, scaled by their SD.
The categorical Net reclassification index (NRI) and the integrated
discrimination improvement (IDI) (24) were used to quantify the
predictive value of the MDS supplemented with coffee over the
traditional MDS. To estimate these metrics, the follow-up time was
censored at 10 years and the risk categories chosen for NRI calculation
were <10% and ≥10% (Supplemental Table 4).
Finally, we estimated the E-value, a parameter that calculates the
minimum strength of association that an unmeasured confounder
would need to have with both the exposure and outcome to fully explain
away a specific exposure-outcome association (25).
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FIGURE 1 Multivariable-adjusted dose-response association of coffee intake (1-cup increment/d) with (A) all-cause, (B) CVD, and (C)
IHD/cerebrovascular mortality in theMoli-sani Study cohort (n= 20,487). Risk estimates (HRswith 95%CIs) were obtained from themultivariable
model, adjusted for age, sex, energy intake, education, housing, residence, leisure-time PA, smoking, number of cigarettes per day, abdominal
obesity, diabetes, hyperlipidemia, hypertension, Mediterranean diet score, tea intake, and added sugar. The dashed lines represent the 95%
CIs for the spline model. Participants with no coffee consumption (0 cups/d) served as the reference group. Coffee intake was standardized to
a 30-mL Italian espresso cup size. CVD, cardiovascular disease; IHD, ischemic heart disease; PA, physical activity.
The data analysis was generated using SAS/STAT software, Version
9.4, of the SAS System for Windows.
Results
Characteristics of the population by coffee intake
In this Moli-sani population, the mean intake of coffee was 2.8
cups per day (SD ±1.8).
During a median follow up of 8.3 years (IQR, 7.4–9.3 years),
834 subjects died: 270 (32.4%) from CVD, of whom 152
(18.2%) died from IHD/cerebrovascular causes; 334 (40.0%)
from cancer; and 230 (27.6%) from other causes.
Characteristics of the Moli-sani study population according
to daily consumption of coffee are reported in Table 1. Higher
coffee consumers (>4 cups/d; 19.1%) tended to be younger and
to have a higher level of education and were more likely to
be smokers but less likely to have diabetes, hypertension, and
hyperlipidaemia; they were also poorly adhering to the MD
(Table 1).
Coffee intake and mortality risk
In multivariable-adjusted Model 2, those who drank >3 to ≤4
cups/d had a 28% (95% CI, 8–43%) lower risk of all-
cause mortality, as opposed to participants with the lowest
consumption (up to 1 cup/d), while among heavy consumers
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(>4 cups/d) the mortality risk reduction was no longer
significant (Table 2).
When modelling coffee consumption in 1-cup increments
per day, the results from main analyses were confirmed (P for
association = 0.17; P for non-linearity = 0.47; Figure 1A).
Among those participants with habitual intake of >3 to
≤4 cups/d of Italian-style coffee, the HRs for CVD and
IHD/cerebrovascular mortality were 0.58 (95% CI, 0.37–0.91)
and 0.55 (95% CI, 0.29–1.03), respectively, while at higher
intakes the risk reduction appeared to be lowered (Table 2,
Model 2).
Consistently, we found evidence of a nonlinear J-shaped
association between coffee consumption and the risk of
CVD (magnitude of the relative reduction = 37%; nadir
at 3–4 cups/d; P value for overall association = 0.045; P
value for nonlinear association = 0.021; Figure 1B), but
not for IHD/cerebrovascular mortality (P value for overall
association = 0.38; P value for nonlinear association = 0.21;
Figure 1C).
No significant inverse associations between the highest (>4
cups/d) as opposed to the lowest (up to 1 cup/d) coffee intakes
were found for cancer death (HR = 0.81; 95% CI, 0.52–1.26)
or mortality from other causes (HR= 0.71; 95%CI, 0.38–1.31;
Table 2; Model 2).
Survival analyses in the general population of the Moli-
sani Study, including also participants with CVD and cancer
at baseline (n = 22,801), showed HRs for all-cause, CVD, and
IHD/cerebrovascular death risks of 0.73 (95% CI, 0.64–0.88),
0.55 (95% CI, 0.39–0.78), and 0.53 (95% CI, 0.34–0.84),
respectively, for individuals with habitual intake of 3–4 cups/d
in comparison with the lowest intake category (Supplemental
Table 5).
Mediation analysis
The associations of coffee intake with all potential mediators
(selected biomarkers) are shown in Supplemental Table 1.
Coffee intake was positively associated with cardiac troponin,
biomarkers of glucose metabolism, total blood cholesterol, and
apoB100, whereas it was inversely associated with NTproBNP,
HDL, and systolic blood pressure (Supplemental Table 1). The
HRs for all-cause, CVD, and IHD/cerebrovascular mortality
associated with the selected biomarkers, as estimated by
including each biomarker in the multivariable-adjusted model,
are shown in Supplemental Table 2. Each of these biomarkers
was associated with at least 1 of the outcomes under study,
with the exception of insulin and HDL (Supplemental Table
2). We finally included in the mediation analysis 5 biomarkers
or groups of biomarkers meeting the above mentioned criteria:
namely, cardiac troponin, NTproBNP, biomarkers of glucose
metabolism, biomarkers of lipid metabolism, and systolic blood
pressure. This resulted in a Bonferroni corrected significance
threshold α of 0.01.
A mediation analysis on 18,661 subjects indicated that the
majority of established biomarkers of CVD did not substantially
modify the relationships between coffee consumption and
mortality, with the exception of NTproBNP levels, which
explained 11.5% (P = 0.0052) and 26.4% (P = 0.0006) of
the relationships between the all-cause mortality risk and coffee
consumption of >3 to ≤4 cups/d and >4 cups/d, respectively
(Supplemental Table 6).
The risk reduction of CVD mortality associated with
consumption of >3 to ≤4 cups/d was slightly accounted for
by systolic blood pressure (3.7% reduction; P = 0.0078), a
factor also partially explaining the relationship with the risk
of IHD/cerebrovascular death (5.0% reduction; P = 0.0032;
Supplemental Table 7).
Additional analyses
Subgroup analyses are presented in Supplemental Table 3.
Coffee intake remained consistently associated with reduced
mortality in almost all subgroups.An exception was represented
by PA and abdominal obesity, which were likely to modify the
magnitude of the inverse associations between coffee consump-
tion and all-cause and CVD mortality risks. Specifically, the
associations between a 1-cup increment and all-cause mortality
risk were stronger in less physically active subjects (P for
interaction = 0.047) and among individuals with abdominal
obesity (P for interaction = 0.0068; Supplemental Table 3);
those with abdominal obesity were also more likely to have a
reduced CVD death risk associated with increased coffee intake,
as compared with those participants without abdominal obesity
(P for interaction = 0.033).
The percentage of decaffeinated coffee consumers was very
low in our population sample (n = 741; 3.6%). The mean
caffeine intake was 63.8 mg per day and the main caffeine
source was coffee; consequently, caffeine intake was highly
correlated with the intake of coffee (Spearman correlation
coefficients r = 0.80; P value < .0001) and represents a strong
proxy of it. In addition, to account for other food sources of
caffeine, all analyses were also adjusted for tea consumption.
NRI and IDI values indicated that the addition of coffee
intake into the MDS did not add to the risk prediction model of
the traditional MDS (all P values > 0.05; Supplemental Table
4).
Finally, by the use of E-values, we found that to nullify
the reported association, unobserved confounders should be
associated with both coffee consumption and mortality by an
OR/HR of around 3.0. Of interest, the whole set of known
confounders included in our analysis shifted the univariate HR
for CVD mortality (HR = 0.29; 95% CI, 0.19–0.44) associated
with >3 to ≤4 cups/d to the fully adjusted HR of 0.58 (95% CI,
0.37–0.92; Model 2), acting as a confounder with an E-value
of 3.41. Therefore, it is unlikely that 1 (or more) unmeasured
factors with an E-value of around 3.0 would exist and create
an impact in the way the large, entire set of known confounders
considered in our study did.
Discussion
In a large, adult, Italian population apparently free from
major chronic diseases at baseline, a moderate intake of
Italian-style coffee was associated with lower risks of all-
cause and CVD mortality. The association with CVD mortality
follows a nonlinear J-shaped curve, showing its nadir at 3–
4 cups per day. This finding is in line with a previous meta-
analysis showing evidence of a nonlinear relationship between
coffee consumption and CVD mortality, with the strongest
association being observed for 3 cups/d (21% lower risk) (26)
and with data from an umbrella review indicating the largest
relative risk reduction at intakes of 3 to 4 cups a day versus
none (4).
Similarly, a recent meta-analysis on nearly 4 million subjects
showed that the lowest relative risks were at intakes of 3.5
cups/d for all-cause mortality and 2.5 cups/d for CVDmortality,
while additional intakes were not associated with further
reductions in mortality risks (7).
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TABLE 2 Risk of all-cause and cause-specific mortality associated with coffee intake in the Moli-sani Study cohort (n = 20,487)
Coffee intake, cups/d
≤1 >1 to ≤2 >2 to ≤3 >3 to ≤4 >4
All-cause mortality, n= 834
N of deaths/n of subjects 245/3714 202/4436 190/4680 108/3747 89/3910
Person-years 30,469 36,367 38,570 31,284 32,727
Event rates per 10,000 person-years 80.4 55.5 49.3 34.5 27.2
Model 1 HR (95% CI)1 1.0 0.85 (0.70–1.02) 0.94 (0.78–1.14) 0.86 (0.68–1.08) 1.11 (0.86–1.43)
Model 2 HR (95% CI)2 1.0 0.79 (0.65–0.95) 0.84 (0.69–1.03) 0.72 (0.57–0.92) 0.85 (0.62–1.12)
CVD mortality, n= 270
N of deaths/n of subjects 92/3714 68/4436 54/4680 27/3747 29/3910
Person-years 30,469 36,367 38,570 31,284 32,727
Event rates per 10,000 person-years 30.1 18.7 14.0 8.6 8.9
Model 1 HR (95% CI)1 1.0 0.81 (0.59–1.11) 0.78 (0.55–1.09) 0.66 (0.43–1.02) 1.32 (0.85–2.06)
Model 2 HR (95% CI)2 1.0 0.74 (0.54–1.03) 0.70 (0.49–0.99) 0.58 (0.37–0.91) 1.04 (0.62–1.73)
IHD/cerebrovascular mortality, n= 152
N of deaths/n of subjects 50/3714 35/4436 37/4680 14/3747 16/3910
Person-years 30,469 36,367 38,570 31,284 32,727
Event rates per 10,000 person-years 16.4 9.6 9.6 4.5 4.9
Model 1 HR (95% CI)1 1.0 0.78 (0.51–1.21) 0.99 (0.65–1.53) 0.63 (0.35–1.16) 1.37 (0.75–2.49)
Model 2 HR (95% CI)2 1.0 0.72 (0.46–1.13) 0.90 (0.57–1.41) 0.55 (0.29–1.03) 1.11 (0.56–2.20)
Cancer mortality, n= 334
N of deaths/n of subjects 83/3714 72/4436 85/4680 51/3747 43/3910
Person-years 30,469 36,367 38,570 31,284 32,727
Event rates per 10,000 person-years 27.2 19.8 22.0 16.3 13.1
Model 1 HR (95% CI)1 1.0 0.84 (0.61–1.15) 1.13 (0.83–1.53) 1.03 (0.72–1.46) 1.16 (0.79–1.72)
Model 2 HR (95% CI)2 1.0 0.76 (0.55–1.06) 0.98 (0.71–1.35) 0.82 (0.56–1.19) 0.81 (0.52–1.26)
Other causes mortality, n= 230
N of deaths/n of subjects 70/3714 62/4436 51/4680 30/3747 17/3910
Person-years 30,469 36,367 38,570 31,284 32,727
Event rates per 10,000 person-years 23.0 17.0 13.1 9.6 5.2
Model 1 HR (95% CI)1 1.0 0.94 (0.67–1.33) 0.92 (0.64–1.33) 0.89 (0.58–1.37) 0.84 (0.48–1.46)
Model 2 HR (95% CI)2 1.0 0.91 (0.64–1.31) 0.85 (0.58–1.24) 0.79 (0.50–1.26) 0.71 (0.38–1.31)
Data are shown as HRs with 95% CIs. CVD, cardiovascular disease; IHD, ischemic heart disease; PA, physical activity.
1Model 1 is adjusted for age, sex, and energy intake.
2Model 2 had the same adjustments as Model 1 and was further controlled for education, housing, residence, leisure-time PA, smoking, number of cigarettes per day,
abdominal obesity, diabetes, hyperlipidemia, hypertension, adherence to Mediterranean diet, tea intake, added sugar.
Potential explanations for the lack of further risk reduction
observed for high coffee consumption may rely on the fact
that coffee is a composite brew containing several bioactive
compounds whose health effects are in opposite directions.
Although it is a major source of antioxidants, coffee contains
diterpenes, whose concentrations vary by the type of coffee
brew, being intermediate in espresso and coffee made in aMoka
pot and negligible in drip-filtered, instant, and percolator coffee
(27).
Recently, data from the UK Biobank indicated a stronger
direct association between blood lipids and espresso coffee
as compared to filtered or instant coffee, which is possibly
due to the different content of diterpenes with known lipid-
raising effects (28). However, the effect of caffeine on the
cardiovascular system depends on various factors, including
the metabolic status and presence of illness (29), and may
vary according to different genotypes and gene-environment
interactions (30, 31).
To the best of our knowledge, this is the first cohort study
to analyze the associations of Italian-style coffee and mortality
risks in a healthy, adult population. Much of the research so
far has evaluated the health effects associated with filtered or
boiled coffee, which are the most popular preparation methods
in the United States and Scandinavian countries, respectively
(32).
The favorable effect of coffee intake on the mortality risk
was previously documented by other meta-analyses (5, 26, 33)
and prospective cohort studies (34). Yet, our data on CVD
outcomes were not in accordance with prior findings on over
40,000 Italians analyzed in the EPICOR (long-tErm follow-up
of antithrombotic management Patterns In acute CORonary
syndrome patients) Study, which reported an increased CHD
risk associated with consumption of >2 cups of Italian-style
coffee per day; their results are partially explained by the
caffeine content and rapid consumption, resulting in a high peak
plasma concentration of caffeine (35).
An umbrella review including meta-analyses of observa-
tional studies and randomized controlled trials suggested that
coffee may exert beneficial effects on human health, including
for some cancers (endometrial, prostate, colorectal, and liver),
CVD and metabolic-related outcomes (such as type 2 diabetes
and metabolic syndrome), and neurological conditions (such as
Parkinson’s disease, Alzheimer’s disease, and depression) (5). Of
note, it was shown in the same Moli-sani population studied
here that coffee consumption reduced the risk of prostate cancer
(36).
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In EPIC, high coffee consumers (>3 cups per day) had
lower all-cause mortality and digestive disease mortality risks
compared to nonconsumers (37), in line with results from
African Americans, Japanese Americans, Latinos, and Whites
in the Multiethnic Cohort (34).
In our analyses, coffee intake was not associated with cancer
death, with these results at variance with other population
studies (37, 38). However, in a Mediterranean setting, a
recent study suggested an inverse association between coffee
consumption and the cardiovascular mortality risk in elderly
(65 years old and above) after a 6-year follow-up, but no effects
for total or cancer mortality, in line with our findings (39).
Several potential mechanisms could explain the beneficial
effects of moderate coffee consumption on health, including
increased blood antioxidant levels (40–43), inhibition of
DNA methylation by caffeic acid and chlorogenic acid, 2
common catechol-containing coffee polyphenols (44), or an
antiproliferative and antimetastatic activity by caffeine (36).
Among other mechanisms, improved insulin sensitivity (45–
47) and reduced inflammation (48, 49) have been suggested as
possible pathways by which coffee consumption may reduce the
risk of chronic diseases (9). The mechanisms by which higher
coffee consumption is associated with increased mortality
remain poorly understood.
We tested some known CVD risk factors, reflecting different
underlying pathways to disease incidence and progression, as
potentially mediating the relationship between coffee consump-
tion and mortality, but failed to find consistent results with
the majority of established biomarkers; in contrast, we found
that circulating levels of NTproBNP accounted for a substantial
proportion of the relationship between coffee consumption and
all-cause mortality. NTproBNP is the N-terminal fragment of
the B-type natriuretic peptide, secreted bymyocytes as a reaction
to several stimuli, including wall stretch (50). High levels of
NTproBNP have been associated with increased cardiovascular
risks and, more recently, with an increased risk of stroke (51);
an intervention study on 14 obese, normotensive subjects (52)
observed a significant increase in NTproBNP levels after a
very short time period of lifestyle intervention, including a
dietary intervention with a hypocaloric diet, thus indicating that
this natriuretic peptide is susceptible to dietary exposure. We
have now observed for the first time that coffee consumption
is associated with lower NTproBNP levels, which possibly
accounts for the inverse relationship between coffee intake and
all-cause mortality. However, our findings should be considered
as exploratory and further research is needed to understand the
clinical meaning of this association.
We also found that smokers were less likely to experience a
CVD mortality risk reduction associated with coffee drinking
as compared with nonsmokers, in line with previous studies (5,
21).
Lastly, with respect to a potential improvement of risk
predictions deriving from the inclusion of coffee consumption
into the traditional MDS, we failed to find significant changes
in the discrimination ability of the modified score when
supplemented with coffee.
The fact that an exposure significantly associated with an
outcome does not lead to improvements in predictive value
is a well-known and widespread occurrence, and does not
entirely devalue the association between the variable and the
outcome (53). More importantly, the association of coffee with
the mortality risk was independent of the MD, supporting the
notion that minor dietary changes, such as consuming coffee
regularly within the usual diet, could be valuable measures for
improving health, especially cardiovascular health, independent
of the overall diet quality.
Strengths and limitations of the study
The major strengths of this study include a large sample size of
an apparently healthy, adult population; a prospective cohort
design; and considerable numbers of covariates included for
analyses.
Moreover, the robustness of our findings was confirmed by
sensitivity analyses. To the best of our knowledge, this is among
only a few studies investigating the biological mechanisms
potentially linking coffee intake to health outcomes in a primary
prevention context.
However, there are also a number of caveats. First, given
the observational nature of our investigation, causality can
only be suggested and residual confounding cannot be fully
ruled out. However, the use of E-values indicates a very small
impact of potential unmeasured factors on the strength of our
associations. Second, only the all-causemortality outcome could
be fully explored, as cause-specific mortality analyses were
limited by the relatively small number of events. Lastly, subjects’
information was collected at baseline only; thus, changes that
possibly occurred during the follow-up could not be considered.
Conclusions
In conclusion, this study shows a beneficial effect of Italian-style
coffee consumption (when limited to 4 cups per day) on all-
cause and CVD mortality risks, confirming in a large cohort
of Italian adults the results of previous epidemiological studies
performed in other settings.
The mechanisms through which moderate coffee consump-
tion could lead to a lower mortality risk are still unclear,
although an important mediation was found for NTproBNP
levels, while other biomarkers tested were unlikely to be on the
coffee-mortality prevention pathway. Finally, the inclusion of
coffee intake into a traditional score assessing adherence to the
MD did not offer any added value to the discrimination ability
of the modified score.
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